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T H £ debt*-*.? «•> 

Treatife to the 

Public a compreherilmPview of the 


prefent ftate of Electricity* re¬ 
duced into as fmall a compafs as the 
nature of the Icience would admit. 
It is divided into Jive parts^ iii each 
bf which are contained fuch par¬ 
ticulars, as/had lefs connection: with 
a 2 ,-the 
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hr PREFACE. 

the reft; and the diftinCt view of 
which, it was thought, might be a 
means of preventing a confufion of 
ideas in the minds of thofe readers, 
who before have not been much 
converfant with the fubjeCt. 

The firfi part treats of the Laws 
of Electricity only ; i. e . of fuch 
natural laws concerning Electricity, 
as, by innumerable Experiments, 
have been found uniifarmly true, 
and are independent on any hypo- 
theiis. in this part, the Author 
has not defcenddd 16 any-particu¬ 
lars, which were not ‘dearly ascer¬ 
tained, or which were inconftdera- 
ble j but he has, at the fame time, 
taken cate not to (omit any thing 

material. 
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PREFACE. V 
material, or which feemed to pro- 
ipife future difcqveries. 

The fecond part is merely hy¬ 
pothetical \ relating not to faCts, 
but to opinion?. The great im¬ 
probability of moft of thefe hypo^ 
thefes determined the Author to 
render this part of his work as ihort 
as poffible, 

The third part contains the prac¬ 
tical branch of Electricity. Hero 
the Author has taken care to in?- 
fert a defeription of all the new 
improvements in the apparatus y 
which ferve to leffen the expence 
of it, and at the fame time to fa?- 
militate the performance of the ex- 

a 3 perk 


Digitized by 


Google 
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periments. As to the experiments 
themfelves, he lias chiefly infilled 
on a few principal ones, which 
Teemed moft neceflary to illuftrate 
and confirm the laws of Electri¬ 
city; omitting a great number of 
others, which he has met With, as 
they appeared to be only variations 
of the former. He has however 
given an account of fome others, 
which, though not abfolutely ne- 
ceflary, feemed very deferving of 
notice. 

The fourth part contains a brief 
account of the principal experi¬ 
ments, which have been made by 
the Author himfelf, in purfuance 
pf what occurred to him in the 

courfe 

v . . . 
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P R E F A C E. vii 

courfe of his ftudies in this branch 
of philoibphy. In this part he has 
omitted to mention, not only thole 
attempts, which did not produce 
any corifiderable effect, but allb the 
innumerable conjectures he formed 
about them and others, not yet 
brought to the teft of actual obfer- 
vation. , 

The fifth part contains the prac¬ 
tice of Medical Electricity, which 
was formerly printed by itfelf. 

The Author takes this opportu¬ 
nity of acknowledging the obliga¬ 
tions he is unde? tp feveral of his 
ingenious friends, for various expe¬ 
riments, and remarks, communicat- 

a 4. ed. 
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ed by them j and particularly tat 
the late Mr. William Henly, who 
did as much , as laid in his power to 
inform him of every particular, . 
which he thought would enrich and 
embellifh the work. 

It was deemed unneceflary to 
point out thofe gentlemen, whole 
experiments and obfervations intro¬ 
duced in this work, were before 
well known to the world; for 

which reafon the Author has con- 

/ * 

fined himfelf to the mention of the 
names of thofe perfons, whofe ex¬ 
periments were new, or not com¬ 
monly noticed by the writers on this 
fubjedb 

The 
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PREFACE. 

The third edition was enriched 
by various new and interefting par¬ 
ticulars, which were difperfed 
throughout the work; but fince 
that time divers improvements, and 
many very remarkable difcoveries, 
have been made relative to the Sci¬ 
ence of Electricity, amongft which 
we muft reckon the furpriling fub- 
jeCt of Animal Electricity. It 
became therefore necefiary to add 
thofe difcoveries and improvements 
• to the work > and in order to ac¬ 
commodate the pofleffors of the 
third edition, the firft and fecond 
yolumes have been reprinted with¬ 
out any material alteration, whilll: 
the new .particulars have been col¬ 
lected in a third volume, which may 

§ be 
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be had by itfelf, as well as with the 
other two volumes, 

To render the Treatife more in-> 
telligible and ufeful, fix copper-y 
plates are added to it; and a co-. 
pious Index of the particulars which 
gre moft deferving of attention. 
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A RTS gnd fciences, like kingdoms 
and nations, have each in their turn 
fome happy period of glory and fplendor, 
in which they more than ever attract the 
human attention, and, by carting a ftronger 
light than at other times, become the fa¬ 
vourite objeCt and purfuit of the age ; but 
thefe periods are foon over, and a few years 
of luftre and fame are often overbalanced 
by centuries of oblivion. From under¬ 
going this fate, fome fciences are, however, 
excepted, which, owing to the vaft and ne- 
ceflary extent of their ufe, and to the 
fruitfulnefs of their productions, are ever 
ilouridung; and although once unknown, 
yet when feme had proclaimed their birth, 
or publifhed their advancement, they ne¬ 
ver afterwards declined. Of this kind is 
Eledtricity, one of the molt pleating and 
b furprifing 
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xviii INTRODUCTION. 

furprifing among all the branches of natural 
philofophy that ever were cultivated by 
man. This fcience, after it began to (hew 
the extent and generality of its power; 
after it was known to be one of the greateft 
agents of nature j remained always in 
vogue, was profitably cultivated, irremit- 
tedly advanced, and is now brought to a 
Hate, in which, in (lead of becoming fterile, 
it feems further to engage the general at¬ 
tention, and to promife to its followers more 
munificent rewards. Optics, indeed, (hews 
many enchanting and ufeful, properties, but 
concerning vifion only; Magnetifm exhi¬ 
bits the force of attraction, repulfion, and 
polarity in that fubffance called a Magnet: 
but Electricity, containing, as it were, all 
within its power, alone exhibits the eflfeCts 
of many fciences, combines together diffe¬ 
rent powers, and, by (hiking the fenfes in a 
particular and furprifing manner, affords 
pleafurc, and is of ufe to the ignorant as 
well as the philofopher, the rich as well as 
die poor. In EleCtricity, we are pleafed 
with beholding its penetrating light, ex¬ 
hibited in numberlefs different forms ; we 
admire its attraction and repulfion, aCting 

upon 
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Upon every kind of body .5 we are furprifed 
fey the fhock, terrified by the explofion and 
force of its battery; but when we confider 
and examine it as the caufe of thunder, 
lightning, aurora borealis, and other appear¬ 
ances of -nature, whofe direful effedts we 
can in part imitate, explain, and even avert, 
we are then involved in a maze, that leaves 
nothing to contemplate but the inexpref- 
lible and permanent idea of admiration and 
wonder. 

The earlieft account we have of any 
known eledtrical effedt, is by the famous 
antient naturalift Theophrastus, who 
Houriihed about 300 years before the pre¬ 
lent aera. He tells us that amber (whofe 
Greek name is i/XeKTpov, and from whence 
the name Electricity is derived) as well as 
the lyncurium *, has the property of at- 
tradting light bodies. This was all that 
was known of the fubjedt, for about fif- 

* Ithath been in a manner proved, that the fyncu - 
rium of Theophrastus is the very fame fubftance 
that now goes under the name of Tourmalin ; of which 
we (hail have occafion to fpeak in the courfe of this 
T>eatife f 
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lx INTRODUCTION. 

teen centuries after Theophrastus; in 
which long period we find no mention in 
hiftory of any perfoa haying made any dif- 
coveries, nor even any experiments in this 
branch of philofbphy j the fcience remain¬ 
ing quite in the dark till the time of Wm. 
Gilbert, an English phyfician, whole 
work de magnete, which contains feveral 
eledtrical experiments, was published in the 
year 1600 ; and who, for his difcoveries in 
this new and uncultivated fields may be 
juftly deemed the father of the prefent 
Eledtricity. He obferved, that the pro¬ 
perty of attracting light bodies, after rub¬ 
bing, was not peculiar to amber, or the 
lyncarium ; but that many other bodies pof- 
fefled it as well as amber. He mentions a 
great number of thofe, together with many 
particulars, which, confideriag the ftate of 
the fcience at that time, may be deemed 
truely great and interefting. 

After Gilbert, the fcience advancing, 
although by fmall degrees, palled, as it 
were; from infancy to puerility; many an 
excellent philofbpher undertaking to ex¬ 
amine nature in this walk : fuch was Sir 

Francis 
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INTRO DUCT TON, xzx 
Francis Bacon, Mr. Boyle, Otto 
Guericke, Sir Isaac Newton, and 
moft of all.Mr. Hawkesbee, a perfon to 
whom we are much indebted for many im¬ 
portant difcoveries, and a real advancement 
of Elefixicity. Mr. Hawkesbee was die 
firft who obferved the great electric power 
of glafs; a fubliance, that, fince his time, 
has.been generally ufed by all Electricians, 
in preference to any other electric. He 
firft remarked various appearances of the 
elefhic light, and the noife accompanied 
with it, together with a variety of pheno¬ 
mena relating to eleCiric attraction and re- 
pulfion. 

After Mr. Hawkesbee, the fcienceof ' 
Electricity, however hitherto advanced, re¬ 
mained for about twenty years in a Rate of 
quiefcence, the attention of philofophers ( 
being at that time engaged in other phi- 
lofophical fubje&s, which, on account of 
the new difcoveries of the incomparable 
Sir Isaac Newton, were then greatly in 
repute. Mr. Grey was the firft,after this 
period of oblivion, to bring the fcience 
Again to light. He, by his great difcove¬ 
ries. 
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ries, re-introduced it to the acquaintance? 
of philofophers, and from him the true 
flourifliing era of EleCtricity may be, faid to 
take its date. 

The number of Electricians that hath 
been daily multiplying fince Mr. Grey, 
the difcoveries made, and the ufe derived 
from-thofe, till the prefent time, are mat¬ 
ters really worthy of attention, and deferve 
to be admired by every lover of the fci- 
ences, and well-wither to the human 
race. 

Whoever would make himfelf acquainted 
with the particular tranfadions concerning 
thofe advances, thould read the elaborate 
Hiftbry of EleCtricity compiled by the 
learned Dr. Priestley, a work that will 
inform him of whatever had been done 
relative to the fuhjeCt till its publication. 
I, for my part, muft forbear making any 
long hiftorical• detail; this treatife being 
intended to give an account of the prefent 
Hate of EleCtricity, in a methodical man¬ 
ner, and not an hiftory of the fame. I fhall 
in general only obierve, that although the 

fcience 
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fcience had, through the indefatigable at¬ 
tention of fo many ingenious perfons, and 
by the difcoyeries that were daily produced, 
excited the curiofity of philofophers> and 
engaged their attention ; yet, as the caufes 
of any thing, whether fmall or great, 
known or unknown, are feldom much at¬ 
tended to, if their effects are not finking 
and Angular; fo EleCtricity had, till the 
ye ar 1746, been ftudied by none but 
Philofbphers. Its attraction could in part 
fee imitated by a loadflone; its light by 
a. phofphorus; and, in fhort, nothing con¬ 
tributed to make Electricity the fubjeCt of 
the public attention, and excite a general 
curiofity, until the capital difcovery of the 
vail accumulation of its power, in what is 
commonly called the Leyden phial, which 
was accidentally made in the memorable 
year 1745 *. Then, and not till then, the 
Rudy of Electricity became general, fur- 
prifed every beholder, and invited to the 

♦ This great difcovery was made by Mr. Votf 
JCleist, Dean of the Cathedral in Comin. See the 
third edition of Dr. Priestley’s Hift. of Ele&. 
^er. VIII. $e& i. 
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h’oufes of Ele&ricians a greater number of 
fpedators, than were before afiembled to¬ 
gether to obferve any philofophical experi¬ 
ments whatfoever. 

Since the time of this difcovery, the pro¬ 
digious number of Eledricians,experiments, 
and new fads that have been daily produced 
from every comer of Europe, and other 
parts of the world, is almoft incredible. 
Difcovcries crouded upon difcoveries j im¬ 
provements upon improvements j and the 
icience ever fince that time went on with 
fo rppid a courfe, and is now fpreading fo 
apfazingly fall, that it feems as if the fub- 
jed would be foon exhaufted, and Ele&ri¬ 
cians arrive at an end of their refearches s 
but, however, the ne plus ultra is, in all 
probability, as yet at a great diftance, and 
the young Ele&rician has a vaft field before 
him, highly deferving his attention, and 
promifing further difcoveries, perhaps 
equally, or more important than thofe al¬ 
ready made. 
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PART I. 

fundamental laws of electricity* 


chap. I. 

Containing the 'Explanation of fome ‘Terms 
principally ufed in Electricity. 

I F a perfon, holding with one of his 
hands a clean and dfy glafs tube, rubs 
it with his other hand, alfo clean and dry, 
broking it alternately upwards and down* 
wards $ and after a few ftrokes, prefents to 
it fmall light bits of paper, thread, me- 

B tal. 
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til, or any other fubftance, the rahbeil 
tube will immediately attrad them, and* 
after a little time will repel them—pre- 
fcntly, attrad them again j and fo alter¬ 
nately continue this attradion, and repul- 
lion, for a conliderable Time. If this tube 
be rubbed in the dark, and* after having 
been rubbed, a fiagejr be prefen ted to it at 
the diftance of about half an inch, a lucid 
fpark will be feen between the finger and 
the tube, accompanied with a fnapping noifej 
the finger at the fame tifnc receiving a pufh, 
as if it were from air iffuing with violence 
Out of a fmall pipe; ! 

In this experiment, the attradion, re- 
pulfion, fparkling, &c. are the effeds of 
that unknown caufe called EleSlricity; and 
hence they are called eleBrical appearances. 
The glafs tube itfelf is called the eleSiric, 
and all thofe bodies which are^capable by 
any means to produce fuch effeds, are 
called electrics; and a a the rubbing awakes* 
as it were, in them the power of produ¬ 
cing eledrical appearances, they are there¬ 
fore faid to be excited by the rubbing. The. 
hand, or any other body that -rubs an 

eledric. 
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lele&ric, is called the tttbber j and ■ if, in- 
Head of the perlbn rubbing die gkft tube, 
a machine be conftru&ed capable, by any 
hieans to excite an eledtric, this will be an 
electrical machine ; 

* , * ' * * * 

If at the end of the tube oppofitfe 40 
that held by the hand, a Wife of any length 
be tied, fufpending & metallic bdll at Its 
end, and the tube be excited ai before, the 
metallic ball will, in this cafe r acquire all 
idle properties of the ^excited tube*-' i, e< »lt 
-will attnuft, fparfcle, kc. like the tube it- 
Iblf* tfae.ele&ric virtue pacing through the 
Wire to the hall: hence, the wir£ is faid 
to be a conductor of eledlricity; and all fueh 
bodies as are capable to tranfmit the elec¬ 
tric virtue, like the above-mentioned wire, 
are called conductors . 

But if, inftead of the wire, k filk firing 
he ufed in the above experiment, aiid the 
tube be excited as before, the ball in this 
Cafe will not Khew any figns of Eleftricity j 
the filk firing not permitting the eledtric 
virtue topafs from the tube to the ball: 

> £ % fcensp 
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hence the filk firing in this cafe, and ail 
thofe fubflances through which the ele&ric 
virtue cannot be transmitted, are called non- 
-conduiton. 

A body refling intirely upon non-con- 
du&ors is Said to be infulated ; fo, in the 
lafl experiment, the metallic ball was infu- 
lifted; fince it was fufpended intirely by 
the filk firing, which is a non-conduCtor. 
The bodies which are conductors, and 
thofe which are npn-condudtors of elec- 
tricity, together with their peculiar pro¬ 
perties, as far as they are known, will be 
plainly laid down in the following chap¬ 
ters. 


chap; 
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CHAP. II. 

, Of EleCtrics and Conductors. 

T H E firft and principal maxim in 
EleCtricity is, that all the known 
bodies in nature are' divided into two dalles, 
viz. EleCtrics and Conductors; experiment^ 
ihewing, that whatever fubftance is a Con¬ 
ductor of Electricity, cannot be excited, 
(hence Conductors are alfo called Non- 
eleSirics ) ; and that whatever fubftance can 
be excited, is not a Conductor, (hence 
Electrics and Non-conduCtors become fyno- 
nymous terms*.) This maxim, however, 
is not to be confidered as ftriCtly true and 
y general ; for in reality we know of no fub¬ 
ftance that may be called a pcrfeCt EleCtric, 
nor of any that may be called a perfect 
' Conductor; the EleCtric virtue finding 
fome refiftahce in going through the belt 
Conductors, and being in part tranfoiitted 
through, or over the furface of moft, and 
perhaps all the EleCtric* The lefs per- 

* £lcdries are often alfo called Eltftrks ptr ft. 
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feCt ConduClor any fubfiance is, the neare? 
it comes to the nature of an Electric j and, 
on the other handC*the' lefs perfeCt EleCtrics 
come, neareft to the nature of Conductors, 

' The limits of thofe twb cfafles cope fo far 
one within the other, that there are pa^ny 
fubfiances which may be actually excit|d, 
and, at the fame time are pretty good Con-* 
du&ors. If the reader . defires •to j know 
thofe ambiguous Jubilances, he mufl feek 
for the wprft EleCtrics ; among the Elec¬ 
trics, and, for the worfl Conductors among 
the Conductors, excepting fuch on which 
the experiment cajinot be tried, a$ fluids* 
. powoefs/ice. . ■. .. 

The two following lifts contain, in gene¬ 
ral,, ali the EleCtrics and Conductors, difr 
poled ’iq tli prder ; of. their per^eCf ifln, be-* 
ginning in eachlifl^with tb? mo ft. perfeCt 
of their clafs". 1 J In^U orderi .however, 

. f'l , V i- - L UiiJ 1 ■■ ‘l ’-•)> : *0-3 

the reader mup not expect a great exacts 
nefs; that being inipra'Cticable, when futn 
fiance* 1 are fet Un^er^geuerai articles j and 
at the Tape/time is of little, if indeed of 
any ufe whatever, 

v ELECJJUCS, 
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Glafs, and all viwtficatians, even thofe 
of metals; , ' / : > v - ; 

All precious Hones, of which the ; moft 
tranfparent are generally the beft. 

AUrdfinis*, and re&nous compounds!. 

Amber* ** I. t :u.r'.-\ : ~‘- 

Sulphur. , C i •. - ; 

Bakdd wood. , * . l 

' All bituminous fabfttoces; ’ -v T . 

, Wak, ' / : •: : ' , ■ 

Silk. • : 

Cotton- ' ' . r'i'i 

AH dry animal fubHances, as feather?, 
woohvhahr, &o. ; 1 

Fap^r. . • ; ■ 

White fugar, and lugar-candy. 


. # . the. name of refine I would be «mkri> 

flood to mean all fu«h confiftent, oily, vegetable,-pto- 
.. du&ions as are inflammable, ahd not foluble ‘in wa¬ 
ter ) gum-lac, therefore, and all fitch fubftances,* im¬ 
properly called gtims,. are alfo meant under this article. 
See MAOjipiVs Cbeouftry, voL i. chap. 

B 4, Oils. 


Digitized by Google 




0 -4 CompL«. f s Treati» 

Oils*. 

Calces of Metals and femi-metals. 

The afhes of animal and vegetable fub- ' 
fiances. 

' All dry vegetable fithftances. 

All hard ftones, of which the. hatdeft 
ire the belt. 

Many of the above-mentioned fiibftances, 
and perhaps all thofe upon which theex- 
periRjeijt can be made, when very hot, 
lofe their eleCtric property, and. became 
quite, though, not equally good, . Con¬ 
ductors j fo red-hot glafs, melted refin, 
hot air, baked wood made very hot, &c. 
become Conductors of electricity..: But it is 
vcr^ remarkable, that the focus of a burn- 
ing-glafs is not a CpnduCtor of deCtricity. 
It has been obferved, that glafs, efpecially 
the hardeit and belt vitrified, is often a 
very bad EleCtric, fometimes being, quite 
a Conductor. The Abb<£ Nollet and others 
have made various experiments relative 0 to 
this property of glafi, but Without ( deter- 

“ • Mr. Gigita obferved electrical attraction and re- 
•puKon between conducting fubftances plunged in oit 
No^tBT'a Letters^ vol. in. p. 168. > 
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mining intirely the caufos which occafion 
the difference. Glafs veffels, made for 
ele&rical purpofes, are often rendered very* 
good Eledries by ufe and time* though 
they might be very bad ones when new. 
On the other hand* fome glafs veffels, which 
had been Jong ufed for excitation, have 
fometimes Joft their power almoft intirely. 
I remember to have obforved two indilput- 
1 gble inftances pf this fort, 

fi glafs velTel, put pf which the air has 
been exhaufted, on being rubbed, ftiews 
no figns of eledlficity upon its external fur- 
fkce, but all the eledfric power appears 
•yvithin thp veffel*; and a glafs tube, or 
\ globe, with the air condenfed in it, or 
’J. full of fome conducing fubftance, is in¬ 
capable pf being excited, But a folid flick 
pf glafs, of foaling wax, &c, maybe excited, 

* 41 du>ugh a glafs veffel, exhaufted of air, does 
not fhew any figns of ele&ricity without; yet it has 
been obferved, that the ele&ric power of a glafs cy¬ 
linder is the ftrongeft, when the air within it is a 
little rarefied, viz, fome what lefs denfe than the ex¬ 
ternal air. See l’Eiettricifiho Artificiale of. G. B. 
jPxCCARlA, § 411, 

CONDUCTORS, 
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\-;t CONPVeTOp 

£°hl* r - f.. : '■; 

Silver, ' 

'.Copper* '' 

JSrafs, 

Iron, 


. 4 * » s. . s, JL 


M- ' * 

Tin. 


r.\XX 


Z' *. v.arr 


Quickfilver, . 

Lead. 

Semb-metals. 

Ores; of which the bell are thdfe that 
contain the metallic part in the greateft 
Quantity, and come nearefl ta, a metalline 
ffate. . , , t 

Charcoal, made either of "animal or of 
vegetable fubftatices. . 

The fluids of an animal body, 

. All fluids, excepting air and oils *. 

^ The effluvia of flaming bodies, 

Ice-j*. 

. ' '' Snow. 

* $alt water is a Better Conductor than frefh 
Water., , • - X ■", 

' f-Mrl A chard,/ Seing at Berlin,'iq the month of 
January 1776 , obferved, that water froze to the 
twentieth degree below 0 of ReauniurV thermometer 
- (whi«l 
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. Snow/ : •"£ f 

Moft feline fubftances, of- which the 
pietallic felts are the belt. 

Stpny fttbfeances, of \^hfch thebWdeft 
$rre the worft. ' 7 " ■ v ‘ v * 

'Smoke. ■ ' ; 

^he Vapoiir of hot water, - • ; - ■ 

Ele&rfcity pervades iHb vacuum, or the 

abfence of air caufed by ■ ao air^pjjmp, al» 

# 

(which anfwers to the thirteenth degree beloV o of 
Fahrenheit’s fcate) was an fcledfrie* He tried liis ex¬ 
periments in the open air,:where he found that a rod 
of ice twpfeeyjppg, and two inches thick, was a yerjr 
imperfefi Condu&or, when, Reaumur’s thermometer 
was at fix degrees below o, and that it would riot in 
the leaft £eh£fu< 3 i when the thermometer was* at 20% 
jgy whiriingra Spheroid of ice-in a proper machine l 
he even electrified the prime condu&or, fo as to atr 
tra#, repel, give fparks, &c. The ice that this 5 gen¬ 
tleman made ufe of, was free;fepm bubbles of any and 
quite.tranfparent; to product which, he ufcd- to fet % 
yefTel, containing diftilled water, to be frozen, upon 
the window of a rowp, which was rather warm, with 
j^lpedt to the ambient air j where the water began 
freeze on one fide of the veflel, while on die other fide 
k was ftill liquid i in which cafe,, he fays that;the 
bubbles of air feparated from the part of the watejr 
that began to freeze firft, and pafled gradually into the 
$$uid park fo as to leaye a confidcrable tbtckaefs of 
fee quite tranfparept, 

* moll 
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moll as freely as the fubftance of a good 
Conductor/** . v f : . ? : , 

: JJefides, thefej all bodies,, in which more 
or lefs of fome of the above-mentioned Con¬ 
ductors are contained, are alfo proportion- 
ably Conductors thus* green vegetables, 
raw meat, &c. / ate Conductors, pn account 
of the fluids they; con tain. „ -}■.•"■ c % 

Froip this principle it follows, that all 
£leCfrics, before . excitation, Ihoqld /be well 
(cleaned, dried,- arcd ’jfome made even very 
hot, in order to free’ them frojiipyety hu- 

•• +■» ^ ■. i ■ • < 

midityi othprwife. they are fofar.from the 
nature,, of JEleCtrics, that thqy, become ac¬ 
tually- Conductors, • on account : of the 

u I beg^ leave to mention in ibis place, as fa- 
ft.vQurablt to this hypothecs, a moft curious difeo- 
¥ yerymade very lately by Mr f .Walsh; who, being 
ffcqffilied by Mr. de Luc to make a qtbre perfedi va- 
¥ cmrni in the double or arched baronioter,by boil- 
ft ingnfcbe quickfilver in the tube, founds that the elec- 
ft.trrc'lpark on flu^ck would no more pafs through it,’ 
ft Am through- a ftfclcoffolid glaft.—Dr. VrUbstley’* 
ExpvandObf on-different Kinds of 4 ar, voH i. p. 284. 
Farther experiments and observations of Ae* author- and 
)tfhen^.concerning the conducing or noa-Condu&ing! 
power of a vacuum, will be found towards Ae end of 

^ Work. 

inoifture 
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moifture which they contain within their 
pores, or upon their lurfaces. 

In regard to the conducing power of 
charcoal, it mull be obferved, that all char¬ 
coal will not. conduit equally well, there 
being lome that will hardly conduit at all; 
and fometimes is in luch a Hate, that it 
will affill the paflage of a large quantity 
of eleitric fluid along its furface, when it 
will not conduit it any other way. This 
difference, however, is not occafioned by 
the difference of the wood from which the 
coals are made, but %v the degree of 
heat that is applied in the'procefs of mak¬ 
ing them; the bell Conduitors'' being 
fuch as have been expofed to the greateft 
heat *. 

> < i 

Whether the piece of wood in the pro- 
cefs of coaling is fuffered to flame, or not, 
is quite immaterial; and the continuance of 
die lame degree of heat has no apparent 
effeit with refpeil to the conducing power 
of the charcoal. 

* See Dr. Priestiey’s fecond volume of Obfer- 
vations on different Kinds of Air, Sec. xir. 

It 
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It will not be improper to obfervc hi 
this place, the different changes from Con¬ 
ductor to Non-CG>ndu£tor, oceafioned in 
the fame fubftaace by different prepara¬ 
tions* A piece of wood juft cut from a tree 
is a good Conductor; let it be baked, and 
it becomes an EleCtric ; hum it to a coal; 
and it is a good Conductor again; laftly, 

, let this coal be reduced to afhes* and thefe 
Will be impervious to electricity* Such 
changes are alfo obfervable in many other 
bodies; and very likely in all fubftances 
there is a gradation from the beft Con¬ 
ductors to the beft Non-conduCtors of 
EleCtricity. 


CHAP. 
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e h a p. in. 

Of the two EJe&ricities * 

I F, in the experiment mentioned in the 
firft chapter, the perfon that rubs the 
tube he infulated, /. e. be fet with his jfeef 
upon a cake of refin, a ftool with glafs feet, 
or any other good EleCtric, fo that the 
communication between his body and the 
earth be cut off by means of EleCtrics.j and 
if in this fituation he rubs the tube with 
his hand, as before j this perfon* as well as 
die tube, will, in this cafe, appear electri¬ 
fied. If any light bodies be prefented to 
-any part of his body, they will be attract¬ 
ed andtepelled. If another perfon prefents 
. his finger to him, a lucid fpark will fol¬ 
low, with a. fnapping noife; and, in fhort, 
this infulated perfon will {hew every fign, 
of electricity that the tube exhibits. But 
their electricities are not the fame} the 
electricity of the tube being juft the reverie 
yf the electricity of the perfon: and their 
„ particular appearances are the following: 

l. Whenever 
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i. Whenever a light body infulated, as# 
for instance, a fmall piece of cork fuf- 
pended by a filk thread, has been attracted 
by the tube, and afterwards repelled, if no 
conducting fubftance touches it in this 
flate of repulfion, it will not be attracted 
by the tube again. The feme happens 
with the infulated perfon j for when this 
light body has been once attracted by any 
part of his body, and afterwards repelled, 
it will not.be attracted again j but if in this 
ftate of repuliion the tube be prefented 
to it, then it will be attracted, and that 
violently, by the tube; and when repelled 
by the tube, it will be attracted by the in¬ 
fulated perfon. Further, if two or more 
light infulated bodies, like the above- 
mentioned piece of cork, be feverally at¬ 
tracted by the tube, and when afterwards 
repelled, be brought within a fmall dis¬ 
tance of one another, they will ■*epd each 
other, and, if well infulated, continue in 
this electrified and repulfive ftate for a con- 
fiderable time. The fame will happen, if 
they be prefented to the perfon inftead of 
the tube; they will alfo, after being once 
repelled by this, repel one another. But,. 
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If one, or more of thofe light irtfulated bo¬ 
dies be attradted and repelled by the tube ; 
and one or more others be attracted and re¬ 
pelled by the perfon, and afterwards both 
or all (/. e. fuch as were prefented to the 
.tube; and fuch as were prefented to. the, 
infulated perfon) be brought within a fuffi- 
cient diftance of one another* they will 
then, inftead of repelling, attract each other; 
and inftead of continuing eledtrified, ex- 
tinguiffi at once every fign of eledtricity. 
Thefe two eledtricities, therefore, are (as 
was faid before) the one juft the contrary 
of the other, the one attradting what the 
other repels ; and, as if one was an affirm¬ 
ative, and the other a negative power, 
when equal quantities of each are fummed 
together, they balance each other; and lofe 
ievery property. 

. 2. Another fcharadteriftic of each of the 
two eledtricities; confifts in the appearance 
of their light. If a pointed body, as d 
heedle, a wire, or the like, be prefented 
■to the excited tube in the dark; a lucid 
globule, like a ftar, will be feen upon the 
point; but if this pointed body be pre¬ 
sented to the infulated perfon, then in the 

C place 
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place of the ftar a lucid pencil appears,, 
compofed of rays, feemingly iffuing from 
the point, and diverging towards the per- 
fon *. 

3. Laftly, in fome experiments (which 
will be hereafter particularly mentioned, 
and this property better explained) the elec¬ 
tricity of the tube, when in the adt of paf- 
fing from a body overcharged with it to 
another, either not eledtrified, or poflefled 
of the contrary eledtricity, thews an indis¬ 
putable current from the former to the 
latter ; and the eledtricity of the infulated 
perfon, when in the adt of pafling from a 
body overcharged with it to another, either 
not eledtriiied, or poflefled of the contrary 
eledtricity, thews clearly a current from the 
latter to the former. 

Thefe two eledtricities are not only ob- 
ferved in the above-mentioned experiment, 
but in Several other cafes alfo; and they 
always accompany each other; for when 

* This pencil of rays will appear better, if a 
pointed needle be prefented to the infulated perfon, 
at the diftance of about one inch from fome part of 
his body, while he is actually rubbing the tube in the 
dark, 

different 
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different Eledtrics are rubbed, ibme will 
acquire one eledtricity, and others wiH ac-£ 
quire the contrary; the rubber, if infu- 
lated* fhewing at the fame time figns of' 
the eledtricity contrary to that acquired by 
the excited eledtric: befides this, almoft 
all Eledtrics may be made to Ihew at plea- 
fure the one or the other eledtricity, ac¬ 
cording to the fubftance ufed for a rubber; 
Hence the following corollaries may be de¬ 
duced; viz. t Whenever two different 
fubftances (being both infulated, or only 
that which is a Condudtor) are rubbed to¬ 
gether, except they are both equally good 
Condudtors, they will be both eledtrified, 
and one' acquire the electricity contrary to 
the eledtricity of the other. 2. Almoft all 
the Eledtrics may be made to acquire, at 
pleafure, the one or the other eledtricity by 
tiling proper rubbers; 

The firft of thefe two eledtricities, /. e. 
that poffeffed by the glafs tube in the above 
.experiment, as it was thought to be the 
SPnftant produdtion of rubbed glaft, was 
called the Vitreous Electricity ; and the 
other, as it was’ firft • oblerved to be prp*c 
duced by relinous fubftances, was called 
C 2 the 
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the Rejinous Electricity, The Vitreous Elec* 
tricity is alfo called Pafitive or Plus Elec* 
tricity, for a reafort that will be confidered 
in the courfe of this. Treatife * and the 
Refinous is called alfo Negative or Minus 
Electricity . A body, therefore, poffeffed 
of the Vitreous, Pofitive, or Plus EleCtri- - 
•city-, is that which thews fuch figns as tho 
tube was faid to exhibit; and a body pof- 
fefied of the Refinous, Negative, or Minus 
Electricity, is .that which thews fuch tigns 
as the infulated- perton was faid to exhibit, 
in the above-mentioned experiment. 

In the following Table may be fee ft what 
EleCtricity will be excited in different bo¬ 
dies, when rubbed with different fubftances. 
Smooth glafs, for in fiance, will be found by 
this Table to acquire a Positive Electricity, 
when rubbed with any fubftance hitherto 
tried, except the back of a cat (by which 
I mean the tkin of a cat while on the ani¬ 
mal alive) $ rough glafs, viz. glafs the polifh 
of which has been deftroyed by emery or 
otherwife, swill be found to acquire the Po- 
fifive EleCtricity, when rubbed with dry 
oiled filk, fulphur, &c. and the Negative, 

§ - • ' whet> 
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when robbed with woollen cloth, the hand, 
&c. and fo of the reft. - 

T^ baelc of a j Pofitive 


cat 


Smooth glafs 


fry fubftance with which 
it has been hitherto tried, 
f Evt^y fubllance hitherto tri,. 
Pofitive < ed, except the back of a 
C : cat. 

Dry .oiled filk, fulphur, me* 


Rough gjafsf 


1 [ D 'K 1 

Jafs^ •> - fWcollei 

-i l __ 


‘ Wcollen cloth, quills, wood, 
l Negative < paper, fealing-wax, white- 
1 , £ wax, the human, hand. 

Pofitive | Amber* air f. 

^Negative Diamond, the haman hand* 

f Metals, filk, Joadfione, lea- 
Pofitive < ther, hand, paper, baked 
(j wood. 

( Negative j Other finer furs. 

1 Pofitive fB^ck filk, mewk. black 
1 f cloth. 

j Negative j hand > hai,s * wcafcl > 

Pofitive ^ Sealing-wax. 

f Hare’s, weafels, and ferret’s 
i Negative < lkln, loadftone, brafs, hlver-, 
|r t . .iron, hstnd,: . 

pofitive | petals, 

►' C Hare’s, weafel’s, and ferret’s 

Negative < Ikin, h^pd, leather, woollen 
/ C • Clp.th> paper- , 

^Pofitive Jj Silk, ' 

v r 

(I^egatiyf j Flannel, 7'\. 

* Glafs indy be insAe rough by rubbing it with fand, or eriieby. 

+ i. e. By blowing with * pair of b^llovys upon it. $y, th»$ means 
Yeany Ele&rics may be fenfibly excited, and fome better if the air blown 
fehot; although, in both cafes, very little Ele&ricity can be obtained. 

C 3 The 


Tourmalin 


Hare’s & in 


White filk 


Biack filk 


Sealing-wax 


%ked wood 
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The. preceding Tahle- wight have been 
much extended, had I ehofen to bfing into 
jt all the minutiae attending this matter as 
far as js known; butf this I have thought 
unneceffary and itopt^dticabje, 'becaufe ex¬ 
periment? of this kind are of fo nice a na T 
ture,' that they require the moil fcrupulous 
attention in making them.; ^nd theh their 
effedts depend upon fo fmall and variable 
circumftances, that often the) very, fame 
Eledtric, rubbed with the fame Rubber, gives 
at one time figns of one Eledlricity, and at 
another time ligns of tfie contrary. A-very 
little alteration in the furface,/ a different 
degtee of drynefs, and even a different ap¬ 
plication of the fame fqbflances,' often occa- 
iions a difference in the Eledlricity. I fhall 
only obferve in general, that' as far as may 
be deduced from the gfeatefl number of ex¬ 
periments, it appears, J that when different 
fubflances are rubbed, together,, that whofe 
Eledtric power is the ;ftrongeft, in general 
acquires the Pofifive,^ and the other the 
Negative Eledlricityj "and w’hqn tjWJ? bo-r 
dies,- differing in the 'fproothneffc or rough-. 
nefs of their furfaces, are rubbed together, 
the fmoothefl acquires the Pofitive, and_ 
a the 
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the rougheft the Negative Electricity. 
Thefe two qualities are often to be confi- 
dered both together; for, except the two 
bodies are of the fame fubftance, as fmooth 
and rough glafs, white and black fillc, &c. 
they generally differ in both, viz. they have 
not the fame eleCtric power, and at the fame 
time their furfaces differ in fmoothnefs. 
This rule, however, is not to be confidered 
as a conftant and general one; for, according 
to this principle, it fhould feem that a piece 
of fealing-wax, when rubbed with the hand, 
or paper, would acquire the Pofitive Electri¬ 
city; but this is contrary to experience. 

In cafe that two eleCtric fubftances, equal 
in every refpeCt, are rubbed together, it is 
to be obferved that the fubftance which fuf- 
jfers the greateft friction acquires the Nega¬ 
tive, and the other the Pofitive EleCtricity. 
Suppofe, for inftance, that a piece A of filk 
be drawn acrofs another piece of filk B, in 
every refpeCt equal to the former, fo that 
the furface of the whole piece A, t. e. of one 
fide of it, be fucceffively drawn over one part 
of the piece B, then A will acquire the Po¬ 
fitive, and B the Negative EleCtricity. The 

C 4 reafon 
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reafon of this may probably be, becaufe the 
part of the piece B, over which the piece 
A has been drawn, has acquired a greater 
degree of heat j for it has been obferved, 
that heat rather difpofes bodies to be e|ec- 
trified Negatively. 


C H A P. IV. 

Of the diff erent Methods of exciting Ekdh ics. 

R UBBING, as we obferved before, is 
the general mean by which all eleCtric 
fub fiances that are at all excitable, may be 
excited. Whether they be rubb'ed with 
EleCtrics of a different fort, or Conductors, 
they always fhew figns of Electricity, and 
in general flronger when rubbed with Con¬ 
ductors, , and weaker when rubbed with 
. } 

EleCtrics. But belides friction, there are 
other means by which fome EleCtrics may 
be caufed to fhew eleCtric appearances: 
thefe are, by melting, or pouring a melted 
EleCtric into' another fubftance \ by heating 
pr cooling - } and by evaporating or effervef- 
cing. Xh? particulars obferved by ufing the 
hrft of thefe two methods are the following: 

If 
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If fulphur be melted in an earthen veffel, 
and left to cool upon Condudtors: if taker) 
out of the veffel, when fold, it will be 
found Erongly ele<$ripal ; but not at all fo^ 
if it be left to cool upon Eledtrics. 


If fulphur be melted in glafs veffcls, a.g*J 
afterwards left to cool, they will both ac¬ 
quire a ftrong Electricity, the fulphur Ne¬ 
gative, and the glafs Pofitive, whether they 
be left to cool upon Eledtrics or Con¬ 
dudtors j however, they always acquire qj 
ftronger power in the former cafe than in 
tjie latter ; and a ftronger Hill, if the glafs 
veffel is coated with metal. It is remark¬ 


able, that tlje fulphur acquires no eledtricity 
till it begins to cool; its power increafe§ in 


proportion as it contradts, and is the flrong- 
eft when in the Hate of greatefl contradtion; 


but then the eledtricity of the glafs veffel i§ 

at the fame time the weakefl. 

• ■» » . > 


If melted fulphur be poured into.a veffel 
of baked wood, it acquires a Negative, and 
'the wood a Pofitive Eledtricity ; but if it 
be poured into fulphur, or rough glafs, it 
acquires no fenfible eledtricity. 

Melted 
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, * i , 

Malted fulphur pouted into a metal cup, 
and ’^here left to* CoqI, thews no figns of 
Eie&ricity whilft in the cup; But if they 
are feparated, they will then appear ftrongly 
eleClrihed,' the fulphur Plus, and the cup 
Minus, If the fulphur is again replaced in 
the cup, every fign of Electricity, will va- 
nilh; but if, whilft'they are lepajate, the 
Electricity of either of them is taken off, 
they will both, on being replaced, appear 
poffeffed of that Electricity which has not 
been taken off. 

i 

Melted wax, poured into glafs, or wood, 
acquires a Negative Electricity, and leaves 
the glafs or wood* Pofitive. But fealing- 
wax poured into fulphur, acquires a Pofi¬ 
tive Electricity, and leaves the fulphur 
Negative. 

Chocolate, frefir from the mill, as it cools 
in the tin pans in which it is received, be¬ 
comes ftrongly eleCtrical: when turned out 
of the pans, it retains for fome time this 
property, but foon lofes it by handling. 
JVldting it again in an iron ladle, and pour¬ 
ing if into the tin pans as at firft, will for 
pnee, or twice, renew the power; but, 

when 
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when the mafs becomes very dry and pow¬ 
dery in the ladle, the Eledlricity is revived 
no more by iimple melting ; but if then a 
little oliye oil be added, and mixed well 
with the chocolate in the ladle, on pour¬ 
ing it into the tin pan, as at firft, it will be 
found to have completely recovered its elec* 
trie power*. 

. 1 .. 

Now that we are fpeaking of melted Elec¬ 
trics, it will not be improper to obferve, 
that it fometimes happens, that lonie elec¬ 
tric fubftances, by being melted and left to 
cool, acquire an eJeCtrical power, which 
they retain for a confiderable time, often 
for months together, especially if they be 
preferved free from dampnefs and dull. 
Such effects have fometimes induced Elec¬ 
tricians to think, that fome bodies are pof- 
fefled of a permanent or perpetual Electri¬ 
city, which is as inherent in their fubftance 
as the magnetic power of a loadftone: in 
truth, however, no fuch fubftance has yet 
Seen found ; and although rofin, fulpbur, 

• The above remark on chocolate, together with 
pie method of reftoring its power by means of olive 
oil, is a difeovery of the late Mr. W> Henlv, F. R. S. 

amber. 
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amtjpr, filk, and lbme other EleCtrics, Shew 
figns of Electricity for a considerable time 
after they have been rendered 'eleCtrical, yet 
their power is..continually diminishing fill 
it quite vanishes; It is remarkable, how¬ 
ever, that fulphur, refinous fubStancee, bi¬ 
tuminous fubitances, and filk, retain in 
general the eleCtric power much longer than 
glafs, Or any other EleCtrics j theTeafon may 
be, that they do not attraCt moisture like 
glafs and other fiibftances, or ^perhaps be- 
eaufe they are more porou£ 


If a ftick of fealing-waX be broken into 
two pieces, the extremities that were con¬ 
tiguous will be found electrified, one poli¬ 
ticly, and the other negatively, ■ 

i. 

The property of exhibiting eleCtrical 
phenomena, by means of heating and cool¬ 
ing, was firft obferVed in a hard femi-pellu- 
fcid foffil, known under uhe name of Tour¬ 
malin This Stone, which is generally of 

* This ftone is called afchentrhkker by the Dutch* 
from its property of attrafting the afltesi when laid 
hear the fire. Linnaeus calls it lapis eUtfricus* See 
feis FloraZeylonica. 

a deep 


Digitized by 


Google 



on Electricity# 

Z deep red or purple colour, and feldont 
exceeds the fize of a fmall walnut, is com** 
mon in feveral parts of the Eaft Indies, 
and efpecially in the iiland of Ceylon. Jt$ 
properties in regard to EleCtrieity are the 
flowing: 

l. The Tourmalin, while kept in the 
fame degree of heat, lhews no figns of Elec-r 
tricity, but it will become electrical by in- 
creafing or diminilhing its heat, and Granger 
in the latter than -in the former circunw 
fiance. -An exceedingly lihall variation of 
temperature is often luflicient to render the 
Tourmalin fenjibly ele&rical, 

Sl. Its Electricity does not appear all ov.ef 
its furtace, but only on two oppofite tides, 
which may be called its poles, and they are 
^always in one right line with the center 
of the Gone, and in the direction of its 
llrata j in which direction the ftone is ab- 
folutely opaque, though on the other, fs» 
mitranfparent, 

3. Whilft the Tourmalin is heating, one 
of its tides ^diftinguifhed by A) is eleCtri* 

fiei 
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fied plus, and the other fide B, minus. But 
when, it is cooling, A is minus, aind B is 
plus *. 

4. If it be heated, and fuffered to cool 
. without either of its. fides being touched, 

then A will appear pofitive, and B nega¬ 
tive, all the time of its heating or cooling. 

5. If this ftone be excited by friction, 
like any other Electric, then each of its 
fides, or both at once, may be made Pofitive. 

6. If the Tourmalin be heated or cooled 
upon fome other infulated body, that body 
will be found electrified as well as the ftone, 
and poflefted of the Electricity contrary to 
that, acquired by that fide of the ftone 
which was laid upon it. 


* From tiiis law may be eafily deduced* that if one 
fide of the ftone, in fome circumftance or other, is? 
growing hot* while the other is cooling* then both 
fides will appear poflefted of the fame ek&rieity at the 
feme time j and if only one fide changes its degree of 
heat, while the other remains the fame, then the for-* 
mer fide only will appear ele&rified. 

7. The 
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7. The Eledtricity of each fide, or of 
both, may be reverfed by heating or pool¬ 
ing the Tourmalin in contadt with various 
fubftances j fo if it is cooled, or heated, in 
contadt with the palm of the hand, that 
fide of it, which would have been pofitiye 
if cooled in the open air, is now negative j 
and that, which would have been negative, 
is now politive. 

8. If a Tourmalin be cut into feveral 
parts, each piece will have its pofitive and 
negative poles, correlponding to the pofitive 
and negative fides of the ftone from which 
it was cut. 

g. Thefe properties of the Tourmalin 
are alfo obfervable in vacuo, but not fo 
ftrong as in the open air. 

I o f If this ftone be covered all over with 
fome eledtric fubftance, as fealing-wax, oil, 
&c. it will in general fhow the fame ap¬ 
pearances with this coating, as without it. 

11. Mr. William Canton obferved 
a very vivid light to appear upon the Tour¬ 
malin, while heating in the dark; he can 

by 
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fey this determine. Which end of the ftond 
will be poiitive, and which negative. Fur¬ 
ther, when the ftone is ftr'ongly excited, it 
emits very ftrong flalhes From the poiitive 
tb the negative end, in the dark *. 

4 

12 . In the laft place, it i$ remarkable 
that the power of the Tourmalin is fome¬ 
times injured by the action of a ftrong fire; 
fometimes improved, and fometimes not at 
all affedted by it. The laws, hoWever, of 
thefe uncertain effects have nbt yet beeri 
afeertained; 

~ . ' t 

Moft of the above properties, which were 
firft obferved of the Tourmalin, and thought 
peculiar to it alone; have been found to be¬ 
long tbfeveral hard precious ftonfes } they 
feeing alfo made electrical by Keating and 
cooling, and have their poiitive and, nega¬ 
tive fides, laying in the direction of their 
fttata br cryftals j ahd, in Hiorf; as far as 

* The BrafiHan emerald, Mr. Can toil has obferved * 
to have alfo this property of emitting light, whilft 
heating in the dark: but I imagine that every other 
precious ftone will (hew it, if its ele&rit power is 
fujficiently ftrong; fince the light is a conference of 
the paflage of a fufRcient quantity of ele&ncfty through 
<he air, or other partly refitting medium. 

ha# 
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has been obferved, they have been found to 
aft exactly like Tourmalins; though fome 
poflefs this property in a much higher de¬ 
gree than others; 

The other method of producing eleftri- 
tityj namely, by evaporation, &c; was lately 
difcovered' by Mr; Volta; and it feems to’ 
open the -way to an ample field of fpecula- 
tion. This ingenious philofopher difco¬ 
vered that the evaporation of water, and of 
fome other fluids, and likewiie that feveral 
effervefcences, generated eleftricity. His 
experiments feem to ifiew the generality of 
the following law, viz. , that fluids, or bo¬ 
dies in general, when reduced in the form of 
vapour, become eleftrified pofitively, and 
leave the bodies, with which they were laft 
in contaft, eleftrified negatively ; but on 
the contrary, when the yapours are.condenf* 
ed in the form of a fluid, then they become 
eleftrified negatively, and leave thofe bodies, 
With which, they were laftly in c.ontaft, 
eleftrified pofitively.—Farther explanation* 
and exemplifications of this- principle will 
be found in the praft^cal part of this-tre^y 
life. ‘ s ’ •* 

£► We 
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tVbfhdll laftly bbfeffej in this chapter of 
excitation, drat whenever an Eledtric is rub¬ 
bed With another mflilatfed fubftance, al¬ 
though it requires an electric poWer, and 
ihews eledtrical appearances, yet that power 
is very weak; and in ofdfer to obtain a cbn- 
fideraible Eledtricityj itisnec^flary that the 
rubber ihould have irregular communication 
with the birth, &jr?rieans of good Con- 
dudtdrs. * ; i'' 


C H A P, ; V r ^' 

Of communicated 'Ele&ricity « 

I N the preceding chapters we have con- 
fidered Ele&ricityho furtherHhan in re- 
fpe< 5 t to its quality } We have remarked the 
differences betweerf the 1 Pbfitive and the Ne¬ 
gative,^ f^d* have 1 rioted which bodies; and 
by wKaf means; they could acquire this pro¬ 
perty*.—-But now a vaft profped is opening 
to our view,' full ofextraordinary appear¬ 
ances; arid We ire to coniider in this chap- 
.ter,- rtot* rifie tnerd'kind of Ele&ririty,' but 
its numerous effects*. Under the title of 
9 '*'• > Commu- 


Digitized by Google 




E l fc c t it i c i t y; $5 

Communicated EleCl ricity, falls almoft all 
that is known of the fubjeCt; the paflage 
of this virtue from one body to another is 
what caufes its light ; by being communi¬ 
cated to other bodies, we fee its attraction? 
by its quick tranfition it is that it melts 
metals, deftroys animal and vegetable life; 
and, in lhort, it is by this communication, 
that the fcience is at all known and culti¬ 
vated. In order, therefore, to preferve per- 
fpicuity and diftinCtion, in defcribing fuch 
a multitude of faCts, I fhall employ more 
chapters on this fubjeCt, and arrange in 
Cach fuch particulars as feem mod proper 
to be placed together; at the fame time 
Contriving,to reduce the whole into as few 
principal heads as is poffible? without cdli- 
Fufion. 

Whenever Electricity is By any nieanS 
Superinduced on a body, it is there con¬ 
fined only by Eledtrics, and remains with 
that body a loriger or a fhorter time, ac* 
cording as the EleCtrics that confine it are 
more or lefs perfect. A glafs tube, for iif- 
ftance, when rubbed; acquires a quantity 
Of that power, Whatever it is, which we call 
JD % BlcCtricity; 
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Electricity. That Electricity remains, and 
is perceivable upon the glafs, infomuch as 
it is furrounded by the air, which is an Elec¬ 
tric; and as the air is in a more of lefs per¬ 
fect eleCtric Hate, fo that virtue is retained 
upon the glafs longer or fhorter*; and be- 
caufe the air is never a perfeCtEleCtric, there¬ 
fore the excited tube can never preferve 
the acquired EleCtricity perpetually, but is 
continually imparting fome of it to the con¬ 
tiguous air, or to the conducting particles 
that float in that element, till at laft it quite 
lofes its power. If a finger, or any other 
Conductor, be prefented towards an excited 
EleCtric, it will receive a fpark, and in 
that fpark part only of the EleCtricity of the 
EleCtric; but why not all ? Becaufe the ex¬ 
cited eleCtric, being a Non-conduCtor, can¬ 
not convey the EleCtricity of all its furface 
to that fide, to Tjvhich the Conductor has 
been prefented. Hence, if a conducting 
fubftance be fucceflively prefented to dif- 

* An excited glafs tube, if kept in a dry and father 
warm place, for inftance, at fome diftance from a 
good fire, will continue eledlrified above twenty 
hours# 

ferent. 
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ferent parts of an excited EleCtric, it will 
receive at every approach a fpark, without 
repeating the excitation, till all the power 
of ; that EleCtric is exhaufted, and then a 
new excitation is necefl'aiy in order to re¬ 
vive it. 

Whenever a Conductor communicating 
with the earth is exhibited at a convenient 
diflance to an excited JEleCtric, it acquires 
on that exhibited fide an EleCtricity coiv- 
trary to that poffeffed by the Electric : this 
Electricity increafes the nearer it is ap¬ 
proached, and at laft, as there is an eager at¬ 
traction between Pofitive and Negative Elec¬ 
tricity, the Conductor receives a fpark from 
the EleCtric, and fo the balance is reftored. 
If this Conductor do not communicate with 
the earth, but is infulated, and approach¬ 
ed to the excited EleCtric as before, then 
not only that fide of it which is towards 
the EleCtric, but the oppofite fide alfo, 
will appear electrified j with this difference, 
however, that the fide, which is expofed 
to the influence of the EleCtric, has ac¬ 
quired an Electricity contrary to that of 
die excited EleCtric, and the oppofite fide 
D 3 aa 
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an Eledricity of the fame kind with that of 
the Eledric. Thefe two different Eledri- 
cities of the Conductor increafe as it comes, 
nearer to the Eledric, and at laff> the for¬ 
mer receiving a fpark from the latter, be¬ 
comes throughout poffeffed of the fame 
Eledricity with the Eledric from which 
it has received the fpark. All thefe ef- 
feds will happen in the fame manner, if 
between the excited Eledric and the ap¬ 
proached Condudor there be interpofed fome 
other eledric fubflance befides air j as, for 
in fiance, a thin plate of glafs, rofin, fealing- 
wax, &c. but then a fpark can never come 
from the excited Eledric to the Condudor, 
except it forces, or burfls its way through 
the interpofed Eledric, as it always does 
through the air. This difplacing of the 
air is what caufes the noife that attends a 
fpark, and that noife is more or lefs loud 
in proportion to the quantity of Eledricity, 
and to the refiflance it meets with iq its 
paffage. . 

An infulated Condudor having received 
$ie Eledricity from an excited Eledric (in 
which Hate it is faid to be electrified by 
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communication) will aCt in every refpeCt 
like the excited EleCfcric itfelf, except that, 
when it i6 touched by another Conductor 
communicating with the earth, the for¬ 
mer gives one fpark to the latter, .and by 
that difcharges all its Electricity. The 
reafon why an electrified Conductor lofeth 
its Eledtricity all at once, when touched 
with another Conductor communicating 
with the-earth, and not part of it only, like 
the excited EleCtric, is, becaufe the Ele<> 
tricity belonging to the whole of the Con¬ 
ductor is eafily conducted through its own 
fubftance, to that .fide, to which the other 
Conductor is prefented *. Hence it appears 
that, in general, the Electricity difcharged 
from an electrified Conductor is much more 
powerful than when difcharged from an 
EleCtric j for the Conductor may acquire a 
great quantity of Electricity from an Elec- - 
trie, by receiving fpark after fpark, and af- 

* * This propofition muft he canfidered^wder fome 
limitations, arifing from various circumftances; for in- 
ftahee, if the ele£trified condu£tor is very much ex¬ 
tended, and is touched with an imperfect condu&or, 
or for a very fhort time, then it is not unlikely that 
fome eledtricity.will remain in it eyep <ifter the fpark. 

D 4 terwards. 
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terwards, if touched, will difcharge it all at 
once^ and not by little and little as it was 
received. 

If an infulated Conductor be touched 
with another Conductor electrified, it will 
acquire part of the Electricity belonging to 
the electrified Conductor, and afterwards 
each will (how figns of it. The EleCtri- 
city in this cafe will not always be equally 
divided between the two Conductors, nor 
will it keep any proportion to the quantity 
of matter in each contained j but will ob-» 
ferye the following laws: 

1. If two infulated Conductors, that in 
refpeCt to their external furfaces and fitua? 
tions are equal and finiilar, and both, or 
only one electrified, are touched together,, 
the Electricity will be equally divided among 
them. 

2 . If their furfaces are equal and diffir 
milar, as, for inftance, a fquare foot of tin 
foil in one piece, and another fquare foot of 
it cut in a long flip, then that body, whofo 

4 furface 


Digitized by Google 



on Eie c t r i c i t v. 41 

furface has a greater extenfion, will acquire 
jnorp Electricity than the other. 

3, If their fiirfaces are unequal and diffi- 
milar, the Electricity that each acquires 
after the' contact, feems pretty clear from 
experiments, and in confequence of the 
above two laws, to be in a compound pro¬ 
portion of their furfaces, and the extenfions 
ofLthe fame, 

4. Laftly, if one of two equal and limi- 
lar conductors lies with its furface conti¬ 
guous to an imperfeCt conductor, and the 
other is only contiguous to the air, then 
the former will acquire a greater quantity 
of EleCtricity than the latter, But this pro¬ 
perty is fubjeCt to certain limitations, which, 
to prevent confufion, will be mentioned in 
the practical part. 

The eleCtric fpark (/. e, a feparate quan¬ 
tity of EleCtricity) will go a greater or lefs 
diftance through the air, in order to reach 
a Conductor, according as its quantity is 
greater or lefs $ as the parts from which it 

flies 
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flies off, and on which it ftfikes, are more 
fbarp or more blunt, and as the Conductor 
is more or lefs perfeCt. The noife toge¬ 
ther, and the light with which the fpark 
Is attended, is greater or lefs, * according 
as the Electricity is greater or lefs ; as the 
parts from which it flies, and’on which it 
firikes, are more blunt or more iharp j and 
tts the Conductor is more or left perfect. 
Thus, for kiftance, a fharp-pointed body 
Will throw ofF Electricity to, and receive it 
from, a greater diftance, than a body of any 
Other fhapej but then that paflfage occafions 
iio noife, and is attended with little light; 
for, in this cafe, the Electricity does not 
come in a feparate large body, but by little 
and little, or rather by a continued ftream. 
If a pointed wire be concealed' in a glafs 
tube, which projects a fhort way beyond it, 
or if it be covered with tallow, bees-wax,- 
fulphur, &c. then it will take a .ftrong fpark 
from -an electrified Conductor. 

It is remarkable, in the cafe of points 
throwing off or receiving EleCtricity, that 
d current of air is fenflble at an electrified 

point, 
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point, which is always in the direction of 
the point, whether the Electricity is pofi^ 
tive or negative, 


The eleCtric fpark, taken upon a’ny par$ 
pf a living animal body, caufeth a difagree-* 
^ble fenfatiop, which is more or lefs trou-* 
blefome, as the fpark is ftronger or weaker, 
and the part, upon which it is taken, is 
more or lefs delicate; and alfo according to 
the particular conftitution of individuals. 

A pretty large quantity of Electricity 
pervades the fubitance of a Conductor of a 
confiderable length, with a furprifing and 
imperceptible velocity; but a fmall quan¬ 
tity of it has been found to take fome little 
time in palling through a long, and lefa 
perfeCt, Conductor. 

Bodies ppflefled of the fame Electricity, 
whether pofitive or negative, repel each 
other. But bodies poffefTed of different 
Electricities, attract each other j and there 
is no eleCtric repulfion, but between bodies 
pofTefied of the fame Electricity; nor eleCtric 

attraction, 
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tttraCHon, but between bodies pofTefled of 

different Electricities, i. e. between bodies 

pofitjvely and bodies negatively eleCtri* 

fied*. * 

* 

Electricity, ftrongly corrimunicated to in- 
fulated animal bodies, quickens their pulfe, 
and proniotes their perfpiration. If it be 
communicated to infulated fruits, fluids, 
and in general to every kind of bodies that 
are actually in a flate of evaporation, it alfo 
increafes that evaporation * and that in a 
greater or lefs degree, as thofe bodies are 
more or lefs fubjeCl to evaporate of them- 
felves; as the vefTels, that contain the fame, 
are Conductors or EleCtrics; and as they 

♦ This law* i. e. that there is no eleflric attraftion, 
except between bodies poffeffed of different Electrici¬ 
ties, will, perhaps, appear paradoxical, upon obferving, 
that an excited Ele&ric attracts fmall bodies, which 
never were by any means made eleftrical before; but 
the paradox will foon vanifh, if what has been faid 
above be confidered, /. e • that when Conductors, and 
indeed Ele&rics too, come near an eledrified body, 
they become a&ually poffeffed of a different Electricity. 
But this will appear much clearer from the experi¬ 
ments that are to be mentioned hereafter, 

havo 
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have a greater or lefs furface expofed to .the 
open air *. • 

By increaling the perfpiration of vegeta¬ 
bles, Electricity promotes their growth; it 
having been found, after feveral accurate 
experiments, that fuch plants, which have 
been often and long electrified, have (hewed 
a more lively and forward appearance, than 
others of the fame kind that were not elec¬ 
trified +. 

When EleCtricity is, communicated to in- 
fulated vefiels, containing water that is ac¬ 
tually running from a pipe, the effects will, 
as far as may in grofi> be deduced from expe¬ 
riments, obferve the following laws : 

♦ Although it has been by fome pretended, that 
Electricity caufed feveral fubftances to evaporate 
through the pores of glafs and metals, yet that could 
never be obferved* though many accurate experiments 
were made fdt that purpofe: befides, this pretended 
evaporation feems on all accounts exceedingly impro- ' 
table. 

f It is (aid by Mr. Kobstlin to have been found, 
that negative eleCtriaation retards both animal and ve¬ 
getable life.—See his Latin DilTertation on the effects 
tf Electricity uptn fome organic bodies. 

« 1. The 
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u i.. The electrified ftream, though it 
u divides, and carries the liquid further, is 
“ neither fenfibly accelerated nor retarded# 
u wheri the pipe through which it iffues is 
“ not lefs than a line in diameter; 

u 2. Under this diameter# if the tube is 
u wide enough to let the liquid run in a 
u continued ftream, EleCtficity accelerates 
u it a little', but lefs than a perfoh would 
“ imagine, if he judged .by the numbers of 
u jets which are formed, and by the dif- 
* tartCe to which they go; 

» . , 

“ 3. If the tube be a capillary one# from 

< * which the water only drops naturally; 
u the electrified jet not only becomes a 
“ continued ftream, and. even divided intd 
“ feveral ftreams, but is alfo confiderabljr 
** accelerated* and the fmaller the capil- 
** lary tube is# the greater, in proportion# 
** is the acceleration. 

. # 

** 4. So great is the effect: of the eledfcric 
i( virtue, that it drives the water in a con- 
** ftant ftream out of a very fmall capiflai^ 
h tube, out of which it had not before beerf 
** able even to drop/’ 

§ The' 
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*The eleCtric power has been found not 
to be affeCted by, or to affeCt, the magnetic 
virtue of a loadflone ; neither is it affeCted 
by heat or cold ; fince an iron bar made 
red-hot, or any conducting fubftance hard 
frozen, when electrified, attracts, repels, 
gives fpalrks, &c. nearly in the fame manner 
as in its natural temperature. EleCtric at¬ 
traction is obfervable alfo in vacuo, and 
eleCtric fubftances may alfo be excited in 
the vacuum of an air-pump ; but both in a 
degree decreafing in proportion to the rare¬ 
faction *. 

' Laftly, we fhall conclude this chapter 
with remarking, that if the faoe, or any 
part of the body, be preferred to an ex¬ 
cited EleCtric* or to a Conductor ftrongly 
electrified, it will feel as if a wind was 
blowing, or rather as if a fpider’s web 
was drawn over it; alfo, if the noftrils 
ft re prefented to an excited EleCtric, they 
Will be affeCted by a fmell, much refembling 

* This has been lately inveftigated by fever# net# 
sSperiments, for which fee the laft part of this work, 

that 
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that of phofphorijs; but communicated 
Electricity does not occafion any fuch fen- 
fation, except when a large quantity of it 
does fuddenly pafs from one body to ano¬ 
ther. If bodies are kept for fome time 
/within the eleCtric effluvia when ftrong* 
they will retain the fmell that they acquire 
for a confiderable time after* 


C H A P. VI* 

Of Eledfricity communicated to Elect rich 

A S the EleCtric virtue can be fuperin- 
duced on Conductors by communi¬ 
cation, fo may it alfo be communicated to 
EleCtrics: the difference however is* as 
might be expeCted, very remarkable ; for 
when one fide of a Conductor is prefented 
to an eleCtrified body, the EleCtricity will 
inftantly pervade its whole fubftance, on 
account of its conducting nature; whereas* 
when an EleCtric is prefented to another 
EleCtric excited, or to an eleCtrified .Con¬ 
ductor, it will with fome difficulty acquire 

any 
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any Electricity, becaufe its fiibftance is 
Impervious to that virtue j and in order to 
make it acquire fome, it. muft be feveral 
times, and in different parts, touched with 
the electrified body. That it is as difficult 
to deprive an EleCtric of its acquired Elec¬ 
tricity, as it is to fupCrirtdUce it on its fur- 
face* I think might eifily be fuppofed j for 
the very fame quality, which caufeth it to 
acquire that power flowly (namely its being 
a Non-conduCtor) makes it alfo part with 
it flowly; ahd, in order abfolutely to de¬ 
prive the EleCtric of its acquired Electri¬ 
city, it muff be touched feVeral times, and 
in almoft every part of its furface, with 
fome conducting fubftance* 

In the preceding chapter we obferVed, 
that when an infulated Conductor is pre- 
fented to an electrified body, it acquires, 
on the part neareft to that body, a contrary 
Electricity; and bn the oppofite part, an 
EleCtricity of the fame kind with that of 
the electrified body; we alfo obferved* 
that thefe two Electricities increafe, as the 
Conductor comes near to the electrified, 
b&dy, and that when the Conductor is. ar- 
E rived 
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rived within the linking diftance pf that 
body, a quantity of Electricity flies off from 
the latter; forces its way through the in¬ 
termediate air j and, ftriking upop the for¬ 
mer, renders it throughout poffeffed of the 
fame Electricity. Thefe effects are in a 
certain degree alfo obfervable, when an 
EleCtric, inftead of a Conductor, is pre- 
fented to an electrified body; for the Elec¬ 
tric will alfo acquire, on different fides, 
contrary Electricities: thefe Electricities in- 
creafe, as the diftance deereafes; but if at 
laft a fmall quantity of EJeCtricify is com¬ 
municated to one part of the EleCtric, that 
EleCtric will not become throughout poffef- 
fed of one Electricity, but will ftill, in fomc 
cafes, fhew different Electricities on differ¬ 
ent fides j and in fome circumflances, many 
repeated changes from pofitive to negative' 
Electricity may_be obferved upon the fame 
EleCtric, as will appear from the following 
experiment; which, however, though men¬ 
tioned by fome very refpeCtable philofophers ' 
and electricians, yet I muff confefs that it 
fucceeds very feldom,, if ever, clearly. 

u 
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If the end of a pretty long glafs tube be 
prefented to a body electrified, for inftance 
pofitively, the tube will be found electri¬ 
fied pofitively alfo for the fpace of one or 
two indies at that end* but, beyond that 
lpace, will be found two or three inches 
electrified negatively; after that, another 
pofitive Electricity will appear; and fo, 
alternately, a pofitive and a negative zone 
will follow one another, always weaker 
and weaker in power, till at laft they quite 
vanifh *. Now the caufe of thefe effects 
is always to be deduced from the two 
above-mentioned principles, u e. the non¬ 
conducting quality of an EleCtric, and the 
properties of bodies in general to acquire an 
Electricity contrary to that poffefled by 
another contiguous electrified body: fo, in 
the above experiment, that end of the 
tube which was prefented to the body elec¬ 
trified pofitively, before it received any 
EleCtricity from that body, appeared ne- . 
gative on the part prefented to it; but, af¬ 
ter it had received fome EleCtricity, ap- 

• See PiursTLEY’s Hift. of Eleft. Per. X* Se&. v, 
and Jipini Tentamen, p., 192. 

E 2 peared 
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geared to be pofitive no further than that 
Electricity could befipreadover its furfacej 
but beyond that place a part of the tube 
appeared to be negative, on account of its 
contiguity to the part electrified pofitively; 
after that, another place appeared to be 
pofitive, becaufe of its contiguity to the 
part eleClrified negatively, and fo of the 
fubfequeht changes; and the pofitive Elec¬ 
tricity of one part of the tube cannot mix 
with the adjoining negative part, fo as to 
prevent thefe appearances, becaufe the non¬ 
conducting quality of the glafs will 'always 
hinder fuch an effeCt from taking place. 

i 

If to one fide of an EleCtric fufficiently 
thin, as for infiance a pane of common 
window-glafs, a plate of fealing-wax, dec. 
be communicated one EleCtricity, and to 
the oppofite fide be communicated the con¬ 
trary, that plate in that cafe is faid to be 
charged, and the two Electricities can ne¬ 
ver come together, except a communica- 
tion.of conducting fubftances be made be¬ 
tween both fides, or the EleCtric be broken 
by the power of eleCtric attraction- When 
the two Electricities of a charged EleCtric 

ate 
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are by any means united; and therefore 
their power deftroyed, that Eledtric is then 
faid to be difcbarged, and the adt of union 
of thefe two oppofite powers is, for a rea- 
fon hereafter to be mentioned, called the 
elettric Shock. 

In order to avoid the difficulty of com¬ 
municating Eledtricity to an eledtric plate, 
it is cuftomary to coat the lides of it with 
fome conducing fubftarice, as tin-foil, gilt 
paper, &c. by which means the charging 
and difcharging becomes very eafy? for 
when the Eledtricity is communicated to 
ohe part of the coating, it is immediately 
fpread through all the parts of the Eledtric 
that are in contadt with that coating? and 
when the Eledtric is to be difcharged, it is 
fufficient to make a condudting communica¬ 
tion between the coatings of both fides, in 
order to difcharge entirely the Eledtricities 
of that Eledtric. 

It will be readily underftood why the 
coatings of both fides of an Eledtric ihould 
not come very near one another towards the 
edge of the plate, for then a communica- 

E ,3 ' tion 
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tion between the fame coatings is ready at . 
hand and although they do not abfolutely' 
touch one another# yet, when they are elec¬ 
trified, the Electricity will eafily force a 
paflage through the air, and, by paffing 
over the furface of the EleCtric from one 
coating to the other, renders it incapable of 
receiving any charge *. 

By means pf charged EleCtrics, we may 
fee a difplay of the greateft powers of Elec¬ 
tricity j we can accumulate this power, and 
ufe it advantageoufly in different experi¬ 
ments. By confidering the properties of a 
charged Ele&ric, we become further and 
better acquainted with this feience, than 
by any other meansand for the enumera¬ 
tion of thefe properties the following chap¬ 
ter is employed, 

* The property of conducing the J£leflricity over 
their furface is fo remarkable in fome kinds of glafs, 
that they are on this account abfolutely unfit for th« 
purpofe of charging and difcharging, 
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\ v 

C H A P. VII. 

Of charged EleSirics, or the Leyden Phial. 

I F a glafs plate, whether fmooth or 
rough, be coated with fome conducing 
fub fiance on both fides, Co that the coatings 
do not come fo very near the edge of the 
glafs, as to render it unfit to be charged, 
and if to one of thofe coatings be communi¬ 
cated fome EleCtricity, the other coating, 
while communicating with the earth, or 
with a fufficient quantity of conducing bo¬ 
dies, acquires by itfelf an equal quantity 
of the contrary Electricity; but if, whilft 
one fide is acquiring Electricity, the oppo- 
fite fide does not communicate with the 
earth, or with a fufficient quantity of con¬ 
ducting fubftances, the glafs cannot be 
charged*. Now the reafon why, when one 
fide of the glafs is receiving one EleCtricity, 
the oppofite fide acquires the other, is the. 

* StriCUy fpeaking, the glafs in this cafe will be 
charged a little, becaufe the air which is contiguous 
to its coating is not a perfeCt Non-condu£tor. 

* E 4 fame 
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fame as obferved in the preceding chapter, 
i. e. the prpperty of bodies to acquire an 
.Electricity contrary to that poflefled by a 
contiguous electrified body; and the caufe, 
that hinders thefe two Electricities from 
mixing together, is the interpofition of the 
glafs plate, which is impermeable to Elec¬ 
tricity *; but if the charge is too highland 
the glafs plate too thin, then the great at¬ 
traction between the two different Elec¬ 
tricities, forces a paflage through-the glafs, 
difcharges it, and renders it unfit to receive 
another charge. 

Thefe effects happen in the feme manner 
if the glafs be not in the form of a plate, 

• • This remarkable property of Electricity was firft 
fatisfaCtorily obferved (though not originally difcover-, 
ed, as we have already taken notice of in the Introduc¬ 
tion) at Leyden, with a bottle containing fpme water, 
which ferved for the inlide coating, and the under 
figned application of the hands on the outfide ferved 
for another coating. A bottle coated on die infide 
and outfide for the purpofe of heing charged, has, 
from thence been called the Leyden Phial, otherwife 
an eletlric Jar ; and the charging and difeharging, in 
general, of coated glafs, has been called the Leyden 
Experiment. 

but 
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but in any other ftiape whatsoever, provide 
ed it be fufficiently thin ; it being not the 
form, but the thicknefs of the glafs, that 
makes it more or lefs fit to be charged; and 
the thinner it is, the greater charge it is 
capable of receiving; for the ftronger inf 
proportion is the power of the Electricity 
of one fide, to caufe a contrary Electricity 
©n the oppofite fide, 

How thick a glafs plate or other Electric 
fhould fie, to become incapable of being 
charged, hath npt yet been ascertained, 

A coated glaft is capable of holding a 
greater charge in condenfed than in rarefied 
air, or -even than when charged under the 
ufual preffure of the atmofphere, 

Jf a coated glafs plate, or phial, .after 
being charged, be infulated, and only one 
of its fides be touched with fome Con¬ 
ductor, that fide will not part with its 
Electricity, becaufe the EleCtricity qf ope 
fide exifts in fonfequence of the contrary 
EieCtricity on the oppofite fide, and both, 
by their mutual attraction, confine one 
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another upon the furface of the glafs. In 
order therefore to difcharge that-glafs, both 
its coatings muft be touched at the fame 
time, and connected with the earth: or by 
means of fome Conductor a communication 
muft be made between them j and in this • 
cafe the difcharge is faid to be made through 
-that Conductor. 

When, in order to difcharge a jar, one 
of its coatings is touched firft with a Con¬ 
ductor, as, for inftance, with one end of a 
chain, nothing very particular in that cafe 
will appear*} £ut as foon as the other end 
©f the chain comes within a fufficient dis¬ 
tance of the other coating, a fjpark will be 
feen between the end of the chain and that 
ccating,,accompanied with a noife, &c. juft 
as when an excited EleCtric, or an electri¬ 
fied Conductor, is made to communicate 
with another Conductor; but the power, 

* If one coating of a charged jar communicates with 
the earth, while the other coating is expofed te the free 
air for fome time, the charge of that jar will be filently 
and- gradually diffipated; for while the Electricity of 
one fide goe& to the earth, -the Ele&ricity of the other 
is communicated to the air, which, as weobferved be* 
fore* is never a perfect Electric, 
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the light, and the report is in general much, 
greater than that of a fpark taken from a 
tody fimply eledrified. 

» 

If the communication between the two 
fides of a charged jar be made by imper- 
fed Conductors, as a fiend er piece of wood, 
a wet packthread, &c. the difcharge will be 
made filently and without explofion. 

It is remarkable, that the fpark occafioned 
by the difcharge of charged Eledrics, al¬ 
though it is more denfe, more powerful, 
and makes -a greater report, yet »is not fo 
long as the fpark drawn from an eledrified 
Condudor. 

When the difcharge of a jar is made 
through the body of a living animal, it oc- 
cafions a fudden motion, by contrading the 
muicles through which it pafles, and gives 
a difagreeable fenfation j for which reafon, 
the effed of difcharging an eledric jar has 
been generally called the electric Shock , 
This fhock is more fenfibly felt by fome 
peafons than by others, and it is faid that 
fbqae are not at all affeded by it. 

The 
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The force of the ele&ric fhock, occa- 
fioned by glafles of the fame thicknefs, is 
greater or lefs in proportion to the quantity 
of coated furface, and the height of the 
charge. Upon this principle, the power 
of the faid fhock, by increafing the quan¬ 
tity of coated glafs, may be augmented at 
pleafure, provided means be ufed powerful, 
enough to charge it. ' 

A number of coated jars connected toge¬ 
ther in fuch manner that their whole force 
may be united, and aft like one jar, confti- 
tutes what is called an eleSlrical Battery . 
This battery is the molt formidable and 
entertaming part of an electrical apparatus, 
and by its ufe many wonderful effects are 
produced i—but as the performing of thefe 
belongs rather to the practical, than to the 
prefen t part of this Treatife, I fhall only 
enumerate them in this place, and referve 
further particulars for the third part of this 
work. 

In making the difcharge of an eleCtric 
jar, it is furprifing to obferve with what 
quicknefs the Electricity performs the cir¬ 
cuit 
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cuit from one fide of the glafs to the other* 
It has been found to employ no perceivable 
time in going through a Condudtor of leve- 
ral miles* which connected the two coat¬ 
ings of a phial . 

The force and noife of an eledtric Ihock 
is not affedted by the inflexions of the 
Conductor, through which it goes, but it 
is fenfibly weakened by its length j hence, 
when the circuit, /. e. the communication 
between the two fides of the eledtric phial, 
is made by one perfon touching one fide 
with one hand, and the oppofite fide with 
the other, the fhock is Wronger than when 
the circuit is formed by many perfons to¬ 
gether joining hands. 

That the Eledlricity finds fome obftruc- 
tion in going through even the belt Con- 
dudtors, appears evident from this, that in 
fome cafes it will prefer a Ihort paflagc 
through the air, to a long one through 
Condudtors, even the moil perfedt. This 
obftrudtion is greater in thofe places, where 
the Condudtors, forming the circuit, do not 

* Partins*’* Hid. of Elea. Per. VIII. Sea. u. 

lie 
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lie in perfect cOntaCt ; and if, the circuit 
being compofed of Conductors of different 
natures, the Electricity be obliged to pafs 
from one Conductor to another lefs perfeCt, 
the obftruCtiori is ftill greater, If a fmall 
interruption of the circuit be made in wa¬ 
ter, on making the difcharge (notwith- 
ftanding that the water is a Conductor) a 
fpark will be feen in it, which never fails 
to agitate the water, and often breaks the 
veflel that contains it. 

A ftrong (hock, fent through .an animal- 
or a plant, puts an end to animaf-as well 
as to vegetable life. If the circuit bo in¬ 
terrupted by one or more EleCMds, or irfi- 
perfeCt Conductors, of a moderate thick-, 
nefs, the eleCtric fhock will break them, 
and in fome-circumftances difperfe them in 
every direction,, and in fuch manner as if 
the force proceeded froni the center of every 
one of the interpofed bodies *. 

Iri'feveral jnftances the effect erf' a fhocfc upoft an' 
interpofed body is evidently greater on that fide of it 
which communicates with that coating of the jar or 
battery, that is poflefled of the pofitivc Ele&ricity. But 
of this more will be laid hereafter, 

A ftrong 
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A ftrong fhock, fent through a Render 
piece of metal, makes it inflantly red-hot, 
melts it, and, if the fufion is perfedt, re¬ 
duces it into globules of different magnitudes. 
If the metal be inclofed between pieces of 
glafs, the fhock, by melting it, will force 
it into the fubflance of the glafs, fo that 
afterwards -it cannot be taken off without 
fcraping part of the glafs with it. In this 
experiment the glades are fhattered to 
pieces, and it is feldorh that they, refill the 
force of a flrong fhock. 

If the glades, inclodng the metal, be 
prefled by heavy weights, then a remarkable 
fmall fhock is capable often not only to 
raife the weight, but to break fuch thick 
glades, that othferwife require the force of 
a large battery. Thick pieces of glafs may 
bealfo broken into innumerable fragments, 
by only fending a diock over a fmall part 
of their furface, wfeich is preded by 
weights, without the interpodtion of any 
metal. When thefe pieces of glafs are not 
broken, they are marked by the explodon 
with the mod lively prifmatic colours, 
which lie fometimes confufed, and fome- 
4 times 
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times In their prifmatic orderi The colour* 
ed fpot is evidently formed by thin plates ot 
fcales, in part feparated from the furface of 
the glafs ; and it generally occupies the 
fpace pf about one inch in length* and half 
an inch in breadth* 

In melting wires of the fame mdtal by 
the eledtric Ihock, it muft be obferved, that 
the forces required for that pufpofe muft be 
greater or lefs, according as the lengths or 
thickneifes of the wires are greater or lefs! 
but they are far from bearing any diredt 
proportion to the .quantity of metal; for if 
a wire of a given length and diameter be; 
barely melted by a large battery, a wire of 
equal length, and twice the fobftance, would 
perhaps take ten fuch batteries to produce 
the fame effedt upon it. 

When a moderate (hock* is fent through 
an imperfedt metal (especially if the circuit 
be formed by feveral pieces, as by a chain)* 
st black duft, in the form of fmoke, will be 

• By a moderate fhock here, I mean* One that is not 
able to melt the metal through which it paffes, 

feed 
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Teen to proceed from the metal; which is 
thought to be fome of the metal itfelf partly 
calcined* and, by the violence df the explo- 
fion, forced from iti. 

If fuch circuit, or part of it, be laid upon 
a piece of paper, glais, or other Non-con- 
dudtor, this, after the explofion, will be 
found ftained with fome indelible marks; 
and often fhew evident iigns of having been 
burnt. A long and permanent track may 
be marked upon glafs, and fome other bo¬ 
dies, by the eledtric explofion, if the in¬ 
terruption of the circuit be made upon its 
iurface;. ' 

What is more remarkable, in confidering 
the effedts of Eledtricity on metals, is, that 
it revivifies their calces; and, like a true 
phlogistic procefs, when an. explofion is 
made through a piece of the fame, it in 
part returns into its metalline form; But , 
here one might juftly fufpedt that the phlo- 
giflon necefiary to revivify the calx is forced 
out of other bodies that contain it, and 
tvhich lie in the circuit. 

F Although- 
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Although we obfe'rved, in the fifth chap¬ 
ter, that Electricity and Magnetifm did not 
interfere with one another’s aCtion, yet that 
mult not be underftood in general, and when 
a large force of Electricity is meant; for this 
is capable not only of deftroying the virtue, 
or of reverfing the poles of a magnetic 
needle, but even of giving it that virtue. 
When the charge of ten, eight, and even a 
lefs number of fquare feet of coated glafs is 
fent through a fine fewing-needle, it will 
often give it polarity, fo that it will traverfe 
when laid on water*. It is remarkable, 
that if the needle be (truck, lying eaft and 
weft, that end of it which is entered by the 
fhock, viz. that end which communicates 
with the pofitive fide of the battery, or jar, 
will afterwards point north; but if the needle 
be ftruck, lying north and fouth, that end of 
it which lay towards the north, will in any 
cafe point north; and the needle will ac¬ 
quire a ftronger virtue in this, than in the 

* A fmart ftroke of a hammer will make a needle 
magnetic: but they fbould always be tried before the 
experiment 5 for many finall needles will traverfe upon 
water, without the ele&ric fhock, or the ftroke of this 
hammer. 

former 
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former cafe. Laftly, if the needle is fet 
perpendicular to the horizon, and the elec* 
trie fhock is given to either point of it, af¬ 
terwards the lower extremity of the needle 
will point north *» 

That the eledtric fpark fhould kindle 
inflammable fub fiances, I think might be 
cxpeCled, when its power has be$n confi- 
dered in many circumflances, in which it 
has been obferved to aCl as a mofl pene¬ 
trating and extraordinary fire. In firing fe- 
veral fubflances, afmall fhock is fufficientj 
and inflammable fpirits may be fired even 
by a fpark proceeding from an electrified 
Conductor. 


If the moderate charge of a large battery 
be difeharged between two fmooth furfaces 
of metals, or femi-metals, lying at a fmall 
diftance from each other, a beautiful fpot 
will be marked upon them. This confifis 
of one central lpot, and fome concentric 

* See Dr. Franklin’s Letters, p. 96} and B*Cca» 
*ia’s Artificial Eleftricity, §731, 73a, 733,734. 

Fat cucles. 
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circles *, which are more or lefs diftindty 
and more or lefs in number, according as 
. the metal upon which they are marked* re-' 
quires a lefs or greater degree of heat to be 
melted, and as a greater or lefs force is em¬ 
ployed. 

If the explofion of a battery, ifluing from 
a pointed body, as the point of a needle, be 
repeatedly taken upon the plain furfaee of a 
piece of metal lituated at a little diftange 
from the point, or if ifluing from the furfaee, 
be taken upon the point, that metal will be 
' marked with a coloured fpot, con lifting of 
all the prifmatic colours difpofgd in circles, 
and evidently formed by feales, or thin 
plates of the metal feparated by the force of 
the exploiion -f\ 

When the difeharge of a battery is made 
by bringing the ends of two Condudtors, 

: communicating with the infide and the 
outline of the battery, in contaA with, or 

'* The central fpot as well as the circles lie at a little 
diftance fcom. one another y .and they are competed of 
dots and. cavities, indicatinga- true fufion. 

f For further* particulars concerning thofe circles, 

<• fee the - Phil. Tranf. vol. LVIII. 

at 
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at a little diftance from, tlie fUrfflcO of fev.e- 
ral. conducting fubftanees, as water, raw 
rtteat, &c. it is obfervable that the Electri¬ 
city, inftead of entering thofe fubftanees, 
goes over their fur face, and in a lucid fepa- 
rate body reaches from ConduCtOr to Con¬ 
ductor j fometimes it prefers a much longer 
paflage over the furface, to a fhorter one 
through any fubftance. In this cafe the 
exploiion riever fails to give a concullion to 
the body, over whofe furface it palfes. ■ 

The eleCtric exploflorl, or eVett eleCtric 
fparks, when taken indifferent kinds of air, 
or permanently elaftic fluid, was obferved by 
Dr. Priestley to aCt like a true phlogiftic 
procefs*. But, upon a nicer examination, 
it feems that the phlogiftic principle does 
not proceed from the eleCtric fluid itfelf, 
but is detached, by the force of Electricity, 
from thofe Conductors, between which the 
explofions or fparks are taken -f. It may 
be alfo mentioned in this place to have been ' 

* See Dr, Priestley’s feaond vol. of Obfervations 
on different Kinds of Air. 

f See my Treatife on Air, and other permanently 
. elaftic fluids, p. 433. 

F 3 found 
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found by Dr. Priestley, that every kind 
of permanently elaftic fluid is-a Noh-con- 
duCtor of Electricity ; but probably they 
are not all of the fame degree. The co¬ 
lour of the eleCtric fpark, although equally 
yifible, yet is not of the fame colour in 
every fort of elaftic fluid. In inflammable 
and in alkaline air, it appears of a purple or 
red colour; in fixed air-it appears white. 

The eleCtric explofions taken upon the 
leaves of certain flowers, change their co¬ 
lour *. , ' 

Befides the above-mentioned properties 
of charged glafs, there are a few more ob¬ 
served, which as yet have neither been fuf- 
ficiently inveftigated, nor fo far purfued as 
to be reduced under any general laws. They 
afford a great field for fpcculation, and feem 
to be more intimately connected with the 
nature of EleCtrics in general; but it feems 
not proper to make any general conclufions 
from the faCts already known, at leaft fo as 

* Dr. Priestley’s Hift. of Electricity, Per. VII. 

to 
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to be inserted in this part of the prefent 
treatife. I fhall therefore employ a chap-, 
ter for the narration of the fame, in which 
I fhall relate the principal, and more pro¬ 
mising experiments hitherto made, ancf take 
notice of the beffc conjectures offered for 
their explanation. This chapter will be 
found at the end of the third part, in which 
place, I think,. it will be more acceptable 
to my readers, particularly fuch as have not 
been much converfant with EleCtricity, and 
therefore require firft the defcription of the 
eleCtrical apparatus, and the knowledge of 
the experiments neceffary to prove the faCts 
recited. 


CHAP. VIII. 

Of Atmofpherical EleSlricity. 

W HOEVER has remarked the nu¬ 
merous properties of Electricity al¬ 
ready mentioned, and has confidered their 
extenfive power, will, I doubt not, be 
greatly furprifed, when he compares the 
(late, in which the fcience remained half a 
F 4 century 
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century ago, with that'in which it is at 
prefent j but his wonder will ftill increafe, 
when he is told that Electricity is not only 
to be # pbferved by rubbing an EleCtric, or 
warming a Tourrfialin, bat that it has been 
found to exift in the air, rain, and clouds: 
fhat thunder and lightning have been difca- 
vered to be its effeCts j and that, in fhort, 
whatever has the appearance of fire, or of 
any thing extraordinary in the atmolphere, 
and upon the earth, has been attributed to 
EleCtricity. 

That effects of Electricity bore a great 
refemblance to thunder and lightning, had 
been feveral times remarked by philofo- 
phers, and efpecially by the learned Abbe 
Nollet i but that they fhiould actually be 
found to be effects of the fame caufe, and 
that the phenomena of Electricity fhould be 
imitated by lightning^ or thole of lightning 
by Electricity, was neither thought pol- 
fible, nor fufpe&ed, till the celebrated Dr. 
Frankli^ made the bold alfertion; and 
the French philofophers flrft, and after¬ 
wards Dr. Franklin, proved the faCtby 
undeniable arguments in the year 1752. 

The- 
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The fimilarity of lightning and EleCtri- 
pity is not to be remarked in a few appear¬ 
ances only, but it is obfervable throughout 
all their numerous effects, and there is not 
a fingle phenomenon of the one, but may 
be imitated by the other. Lightning de- 
ftroys edifices, animals, trees, &c.j lightning 
goes through the beft Conductors which it 
meets in its way, and, if its paflage is ob- 
ftrudted by EleCtrics, or lefs perfect Con¬ 
ductors, it rends them, and difperfes them 
in every direction} lightning burns, and 
melts metals and other fubftances $ a ftrokc 
of lightning often difturbs the virtue of a 
magnet, and gives polarity to ferruginous 
fubftances} and all thefe effeCts, as has been 
obferved above, may be produced by Elec¬ 
tricity. But, independent of the great fimi¬ 
larity exifting between lightning and Elec¬ 
tricity, what fully proves their identity is, 
that the matter of lightning may be ac¬ 
tually brought down from the clouds by 
means of infulated and pointed metallic 
rods, or by eledrical kites, and with it apy 
known eleCtrical experiment may be per¬ 
formed. 

Clouds^ 
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Clouds, as well as rain, fnow, and hail, 
that fall from them, are almoft always elec¬ 
trified, but oftener negatively than pofitive- 
ly } and the lightning, accompanied with 
the thunder, is the effeCt of the EleCtricity, 
which, darting from a cloud, or a, number 
of clouds, highly electrified, ftrikes into 
another cloud, or elfe upon the earth; in 
which cafe it prefers the moft lofty and 
pointed places, and by this ftroke produces 
all thofe dreadful effects, that are known to 
be occafioned by lightning. 

The air, at fome diftance from houfes, 
trees, mails of fhips, &c. is generally elec¬ 
trified pofitively, particularly in frofty, 
clear, or foggy weather j but how the air, 
the fogs, and the clouds become electrified, 
has not yet been clearly afeertained, al¬ 
though feveral conjectures have been offer¬ 
ed; excepting however the principle of the 
eleCtricity produced by evaporation and con- 
denfation, which will be confidered in the 
fequel. 

After that EleCtricity, and the matter of 
lightning were found to be the fame thing, 
x philofophers 
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pbilofophers began to fufpedt the action of 
Eledtricity where it had beforl been left 
imagined, and not without reafon endea¬ 
voured to reconcile to it feveral other na¬ 
tural appearances. The aurora borealis, or 
northern light, was foon attributed to Elec¬ 
tricity, on obferving that by this that flam- v 
ing light may be imitated *, and that the 
aurora borealis, when very ftrong, has been 
known to difturb the magnetic needle *j-, 
which is alfo an effedt of Eledtricity. 

The accenfions, that are often feen in the 
atmofphere (commonly called falling Stars) 
are thought to be eledtrical appearances. 
The fame is alfo fuppofed to be the caufe 
of fuch other meteors, like white clouds, 
that often appear by night-time, particu¬ 
larly in hot climates. Befides thefe pheno¬ 
mena, water - fpouts, hurricanes, whirl¬ 
winds, and even earthquakes, have been 

* The late Mr. Canton frequently colle&ed Elec¬ 
tricity in a conliderable degree, during the time of an 
aurora borealis. His apparatus for that purpofe con¬ 
fided of an infulated fifhing rod, ere&ed on the top of 
his boufe, and having a wire twifted round. 

t See the Phil. Tranf. vol. LIX. page 88. 

attributed 
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Attributed to Electricity. But now, perhaps# 
the rfeadcr will think philofophers too ex- 
fravagdnt, in going fo far with Electricity^ 
Such thoughts feem at fir ft fight to be ex¬ 
travagancies ; but if it be confidered, that 
they do not appear to contradict the knowrt 
laws of nature, that they are riot affertions^ 
abfblutely void of proofs# and that they 
Are the thoughts of great philofophers, 
then# I think, they riiay be admitted, dt 
ledft fo far as to be tried on proper oc- 
fcafioris# and to be confidered. as the moft 
plalifible conjectures yet offered in expla¬ 
nation of the moft furprifing phenomena of 
iiattirg *t 

* For farther CBnjeftures# fee Do Fr ANKtlW’s 
Letter?# and Dn Priestley’s Hifl. of Electj 
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C H A P. IS. 
Advantages derived from Electricity. 

N ATURE, ever wife and admirable 

her actions, feems to follow a eer? 
tain fimilarity in her works wijth a confor¬ 
mity of operations, and, from the Ample ft 
to the mod complicated of her objects, atj 
.analogy is obfervable, which, as it is worn- 
derful to be conlidered, lo it is inftruCtive 
and ufeful. It is on account of this ana? 
Jogy, that whenever a .difeovery is made ig 
any part of natural philofophy f whenever 
a fcience is advanced, we not ojjiy attain t9 
the knowledge of that Angle law, or par¬ 
ticular fcience, but at the lame tipie ac¬ 
quire means in general of inveftigating the 
Operations pf nature with fomewhat more 
certainty and accuracy ; and by purfuipg that 
analogy we are enabled to make fiinther 
coveries, and to improve every branch of 
knowledge. Ifow fay Electricity has cpfle 
: trihuted towards this purpofe, I think 
^amneceiTary to be further proyed, when i$s 
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action has been fhown to be fo general, and 
fo powerful, as to perform what no art can 
operate. But, befides the field that EleCtri- 
city has opened for further dilcoveries, and 
the fatisfaCtion of that curiofity, which be¬ 
fore attended the contemplation of fo many 
wonderful phenomena as have been ex¬ 
plained by this fcience, there are two great 
advantages derived from Electricity; the one 
is a defence againft the direful effects of 
lightning, and the other a remedy for many 
diforders incident to the human body. 

In order to guard edifices or fhips from 
being damaged by lightning, it was judi- 
cioufly propofed by Dr. Franklin, to raife 
a metallic Conductor fome feet above the 
highelt part of the building, and continue 
it down the wall till it penetrated fome feet 
into the ground; by this means the houfe 
could nevet receive any damage j for when¬ 
ever the lightning fhould happen to fall 
, upon it, it is evident that the Conductor, 
being of metal, and higher than any part 
of the building, would certainly attraCt it, 
and, by conducting: it to the ground, hinder 
that building from receiving any damage; 
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it being well known that Electricity always 
flrikes the neareft and belt Conductors that it 
meets with in its way. 

The reafonablenefs and truth of this afier- 
tion has been confirmed by numberlefs faCts, 
and the practice of raifingfuch Conductors 
has been found exceedingly ufeful, particu¬ 
larly in hot climates, where thunder-ftorms 
are very frequent, and the damages ,occa- 
fioned by the fame too often experienced. 

* 

In regard to the conftruCtion of fuch Con¬ 
ductors, there have been fome controverfies 
among Electricians $ and -the moft advanta- 
gcous manner of ufing them has not, with¬ 
out a great many experiments, and but very 
lately, been afcertained. Some philofophers 
have afierted that fuch Conductors ihould 
terminate in a blunt end, that they might the 
lefs invite the lightning from the clouds; for 
a blunt end will not attract Electricity from 
fo great a diltance as a fharp point. But 
other philofophers have thought a pointed 
termination to be much preferable to a blunt 
One; and their aflertion feems, on the foU 
- lowing 
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lowing accounts, founded on much befrtef 
feafoning. 

A {harp-pointed Conductor, it is true; 
■frill attraCt EleCtricity from a greater dif¬ 
iance than a blunt one, but at the fame 
fime will attraCt and conduCt it by little 
and little, or rather by a continued llream/ 
in which manner a femarkably fmall Con¬ 
ductor is capable of conducting a very great 
quantity of EleCtricity j whereas a blunt* 
terminated Condudtor attracts the Eledtri- 
tity in a full feparate body, or explofion/ in 
which manner it is often made red-hot, 
melted,' and even exploded in fmoke, and 
ty fuch a quantity of Eledtricity as per¬ 
haps would not have at all affeCted it,- if it' 
had been fharply pointed.- 

A {harp-pointed Conductor certainly in* 
vites the matter of lightning eafier than a 
blunt one j but to invite, receive, and con¬ 
duct it in {mail quantities, never endangers 
the Conductor: and the objedt of fixing a: 
Conductor to a houfe, is to, protedt the 
h'otife from the effedts of, and not the Con* 
duCtof from tranfmitting the lightning. 

It 
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It is an obfervation much in favour of 
lharp-pointed Conductors, that fuch fteeples 
of churches, and edifices in general, as are 
terminated by pointed metallic ornaments, 
have very feldom been known to be ftruck 
by lightning j whereas others that have flat 
or blunt terminations, and have a great 
quantity of metal in a manner infulated on 
their tops, are often ftruck by it, and it is 
but feldom that they efcape without great 
damage. However, it happened not long 
ago, that a building fumifhed with many 
(harp conductors was ftruck by lightning *. 

Befides thole confiderations, a lharp- 
pointed Conductor, by the fame property 
of attracting Electricity more than a blunt 
one, may actually prevent a ftroke of light¬ 
ning *f*, to do which a blunt-ended one is 
abfolutely incapable. 

A Conductor therefore to guard a build¬ 
ing, as it is now commonly ufed in con- 

. » SeethcPhiLTnmf.Vol. LXXH. 

f This and other properties of pointed Condu&ors 
.•will b« made to appear very evidently by experiments. ' 

G fequenca 
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fequence of feyersd confiderations, and ex¬ 
periments, Ihould confift of pne iron rod P 
about three quarters of ,an inch thick, 
fattened to the wall of the building, not 
by iron cramps, but by wooden ones. Jf 
this Conductor were quite, dctachedfrpm the 
building, and fuppqrted J>y wooden polls at 
the diftance of one or two feet from the 
wall, it would be much ^better fen: common 
edifices, but it is more particularly advis¬ 
able fhr powder-magazines, powder-mills, 
and all fuch buildings as contain com- 
buftibles ready to take firq. The upper 
end of die Conductor ttiould. be terminated 
in a pyramidal form, with ^ie edges, as 
well as the point, very fharp; and if the 
Condudtorbe of iron, it fhoul4 be gilt, or 
painted, for die length of one .or two ,feet. 
This fharp end fhould be elevated above the 
higheft part of the bedding (as above a 
Hack of chimnies, to which it may be 
faftened) at leaft five .or .fix feet. The 

* Copper would do much better dun iron for a Con¬ 
ductor ; it being a more petfed Conductor of Electri¬ 
city, and at the lame time diet being fubjeft to contract 
rud fo foon as iron. 

lower 
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, lower end of the Conductor Ihould be dri¬ 
ven five or fix feet into the ground, and iri 
a direction leading from the foundations; 
or it would be better to connect it with the 
neareft piece of water, if any be at hand; 
If this Conductor, on account of the diffi¬ 
culty of adapting it to the form of the 
building, cannot conveniently be made of 
one rod, then care fhould be taken; that 
where the pieces meet, they be made to 
come in as perfect a contact with one another 
as 3 poffible j for, as we obferved before; 
Electricity finds confidecable obftruCtiori 
where the ComluCtor is interrupted. 

For an edifice of a moderate fize, one 
Conductor, in the manner already defcribed; 
is perhaps fufficientj but; in order to fe- 
cure a large building from fuftaining any 
damage by lightning, there ihould be two, 
three; or more Conductors, in proportion 
to the extent of the building. 

In ihipS a chain has often been uled 
for this purpofe, which, on. account of its 
pliablencfs, has been found very eonve- 

G 2 v meat* 
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ilient, and eafy to be managed among th’i 
rigging of the veffel; but as the Eledtricity 
finds a great obftrudtion in going through 
the feveral links, for which reafon chains 
'have been adtually broken by the lightning, 
To their ufe has now been almoft entirely 
laid afide; and, in their ftead, copper wires 
a little thicker than a goofe-quill have been 
fubftituted, and found to anfwer very welh 
‘One of thefe wires fhould be elevated two 
. or three feet above the higheft maft in the 
veflel; this fhould be continued down the 
maft, as far as the deck, where, by bend¬ 
ing, it fhould be adapted to the furface of 
fuch parts, over which it may moft con¬ 
veniently be placed, and, by continuing it 
down the fide of the veflel, it fhould be 
always made to communicate with the wa¬ 
ter of the fea. 

In regard to perfonal fecurity, in Cafe 
a thunder-ftorm were to happen while a 
perfon is in a houfe not furnifhed with a 
proper Conductor, it is advifable not to 
ftand near places where there is any metal, 
"as chimnies, 'gilt frames, iron cafements, 
' or 
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\cf the likej but to go into the middle of a 
room, and endeavour to Hand or fit upon 
the .hefrNqn-condu&ar that can be found 
at hand, as an old chair, a (tool. See. “ It 
“ is ftill fafer (fays E)r. Franklin) to 
“ .bring two or three matrafies or beds into 
4< the middle of the room, jmd,, folding' 
** them up double, put the chair upon 
“ them j for, they not being fo good Con- 
w dudtors as the walk, the lightning will 
‘fnot.chppfe an interrqpted courfe through 

the air of the room , and the bidding, 
“ when it can go through a continued 
** better Conductor, the wall. But where 
V it cap, fle had, a hammock or Twinging 
** bed, fufpended by filk cords, equally 
** diflant from the walls on every fide, and 
** from the cieling and floor above and be- 
“ low;, affords the fafieft fituation a per Ton 
** can have in any room whatever, and 
tf what indeed may be. deemed quite free 
“ from danger of any frroke by lightning,” . 

If a Harm was to happen whilft a perfon 
is in the open fields, } and far,froip. any 
building, the.beft thing bp can do is, to re-, 
tire within a fmall diftance of tne Jiighefl 
G 3 tree 
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tree or trees he can get at$ hemuft, by no> 
paeans go quite near them, but fjiould flop 
at about fifteen or twenty feet from their 
putermoft branches $ for if the lightnihg 
fhould fall thereabout, it will very probably' 
ftrike the treesand iij cafe a tree was to he 
fplit, he is fafit enough at that diflance from 

it* 

In regard to the other great ufc of Elec¬ 
tricity, viz. its application as a medicine, 
there have been piany opihioiis "pro 1 and' 
fontr?,. and the fppptatioft of medical • Elec¬ 
tricity has been very dubious and fluctu¬ 
ating j owing to the exaggerations, the mif- 
takes, the prejudices, and the of 

thcfeSvho have admirtiftered it in phyfical' 
cafes.' But after many experiments, and 
after overcoming the rooted prejudice of fe- 
veral phyfidans againft medical EleCtricity, 
ft has been clearly proved, that, when 
properly ‘managed, it is aft harmlefs reme¬ 
dy, which forpetimes inftanfaneoufly re¬ 
moves divers complaints, generally relieves, 
apd often perfectly cures various diferders, 
fpme of which could not be removed by the 
2 utmo# 
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tltfrtsift endeavours of phyficians and fur- 
gepris. 

It is an important remark, that Electri¬ 
city, when properly managed, if it does, 
not effect a cure, at leaft it produces no bad 
effect. The few cafes in which it feems to 
hare produced any harm, are of a doubtful 
nature. 

. The remarks made by philofophers, re¬ 
lating to the effedts of Eledtricity upon the 
human body in general, are the following; 
viz. that by electrization, whether pofitive 
or negative, the pulfe of a perfon is quick¬ 
ened, the number of pulfatidns being ge¬ 
nerally increafed about one-fixth; and 
that glandular fecretions, and the infenfible 
perfpiration, are promoted, and often even 
feftofed, when they had been entirely ob- 
ftrudied. Thefe effects may be proved by 
feveral experiments, independent of phyfi- 
cal cafes; and I think nobody will deny, 
that fuch promotions are not only bene¬ 
ficial, but abfolutely neceffary for removing 
feyeral diforders. It might be. naturally 
fulpedted, that the promotion of perfpi- 
G 4 ration. 
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ration, and of glandular fecretion, were 
only the confequence of the accelerated 
pulfation, and not the immediate effedt 
of Eledtricity: but the. contrary is eafily 
proved, by obferving that, in various cafes,, 
the quickening of the pulfation by other 
means, independent of Eledtricity, as fear, 
exercife, &c. did not promote thole fe- 
cretions nearly fo much, if at all, as eledtri- 
zationj and alfo, that glandular fecretion 
and perfpiration are often promoted by 
Eledtricity, when applied only to a parti¬ 
cular part of the body, in which cafe it fel- 
dom, if ever, accelerates the pulfation. 

Hitherto it has not been difeovered, that 
the eledtfic fluid adts within the human body 
by any chymical property, as moll medi¬ 
cines generally do; but its adtion, by which 
it produces the above-mentioned effedts, 
may be confidered merely as a mechanical 
ftimulus j for it feems to adt as fuch, even, 
within thofe parts of the body, which, ; 
el'pecially when difeafed, are mofl^y out .of 
the reach of other remedies. ( 

. ,i 

Formerly, in order to ftimulate, or in 
general to apply Eledtricity to any difeafed 

part 
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part of the human body, flrong fhocks, or 
at leaf! very pungent fparks, were thought 
neceflary; but at prelent it is very reafon- 
ably eftablilhed, upon experience, that the 
greatefl: eledtric powers which can be ap¬ 
plied with good expectations, are exceed¬ 
ingly fmall Ihocks and moderate fparks, t 
the proper force of which will be particu¬ 
larly deferibed in the fequel; but that, in 
general, the moft proper treatment is, to 
throw the fluid by means of a wooden 
point, as it is commonly called, or merely, 
by a metallic point; in which laft cafe, the. 
perfon eledtrified feels only a gentle wind, 
upon that part of the body towards which, 
the point is directed. 

By confidering the above-mentioned ef¬ 
fects of Eledtricity, one may naturally fuf- 
pedt, that in cafes of preternatural dif- 
charges, the application of Eledtricity would,, 
be rather injurious than beneficial; be- 
caufe in thofe cafes the difeharge is required 
to be fupprefled, and not promoted. In 
refpedt to this important point, it has been 
observed, that if flrong ihocks, or very' 
pungent fparks, be given to the patients 

afflidted 
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affiiCted with thofe difcharge', the difeafh 
is feldom cured, and on the contrary ia 
often increafed; but when only the fluid fe 
drawn from the part, by means of a wdoden 
point, or at moft exceedingly final! fliocks- 
are adminiftered, when the feat of the dif- 
Cafe is more internal, then the difcharge, 
&c. is at firft generally promoted for a few 
days or hours; according to the nature of 
the difeafe and other circumftances, but 
afterwards it leflens by degrees, till it is 
quite cured. In cutaneous eruptions, the 
application of EleCtricity is generally at¬ 
tended with fimilar effects.—The eruption 
firft.fpreads farther for a fhort time, and 
afterwards leflens by degrees till it quite 
vanifhes. From thefe obfervations it ap¬ 
pears, that the application of Electricity, 
when judicioufly managed, does not mere¬ 
ly promote any difcharge of circulation of 
fluids, but rather affifts the vis vitce , or , 
that innate endeavour, by which nature 
tends to reftore the found ftate of the 
injured parts of a living animal. It may 
perhaps be ever difficult to explain, in 
what manner Electricity aflifts that natural 
endeavour y but experience fhews the cer¬ 
tainty 
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tainty of the fadt, and with it we mull 
"be gratefully contented-; for we may apply 
the effects 1 tbour wants, though we arc ig¬ 
norant-of ( thaw caufepand of its mode of 
aftifig- ^ ^ » •• 

t, , 

~ . ’ 1 t 

When an electric fhdck is lent through 
any part of the body, an inftantaneous invo¬ 
luntary motion or convulfion is occafioned, 
which fhewsfhat the mufcular fibres through 
Which the ihock is fent, are expanded, or in 
ibme other manner coftvulfed. This invo- 
lutftary motion, though not fo ftrongly, is v 
occafioried ahb by fparks, and often even- 
by drawing the : fluid.—Farther, when a 
fhockis fent through or over feverat fub- 
ftances betides thte human body, a tremu¬ 
lous motidn' and an expanfion is evidently 
occafioned, as 'niay be Ihewn by many 
eledtrical C!xperiments. Now all thtefe ob¬ 
servations may perhaps, in a manner, ex¬ 
plain the adtion of Eledtricity upon the 
organized parts of an animal body, by com¬ 
paring it with the tremulous motion given 
jto pipes of any fort, through which fluids 
are tranfinitted, in order to accelerate their 
jpaflfage, and to prevent any ftoppage which 

might 
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might arife fromftagnation or accumulation; 
of gr<?ls bodies.. Perhaps the reafon why 
ftrong (hocks are'generally hurtful,: may be ,• 
becaufo the, irritation they give to'fthe ob-i 
ftru&ed parts, efpecially when they are very. 
minute and delicate, breaks their organiza¬ 
tion; the force being greater than thqfe parts 
can naturally bear. 

t . 1 * ‘ * * * ' ' ' ‘ ‘' ' ’ ‘ ' * 

i; Independent of undeniable practical ob- 
forvapoa&yvhen it is only admitted that 
Electricity promote? / natural focretfons and 
circulation, which; it certainly, does* there 
follows, that its application, muft. be hg> 
neficial in cafes of.unnatural difcbarges; 
for in thole cafes the difcharge is.qCcar 
honed by the obftrudtion of ,the f natural 
wavs; but .EleCtrfoity removes tbofe ob- 
ftru&ions, which is the lame thing as to 
promote natural, fecretion and circulation;, 
therefore, it mult fupprefs the. unrottyral 
dilcharge, wh ich can no longer exifo when 
the natural courfeof th? fluids haslbe^n re- 
fforqd. : 

. With reipedt to difeafes in. general, two 
liates of the affedted- parts Ihoul^.be con-* 
9 fidered* 
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lidered. 'The firft is, the immediate and 
re<fent caufe of the difeafe ; and the fecond 
ftate is, die alteration of other parts, 
specially folid, which is occasioned *by the 
long cohtinuance of the firft and principal 
caufe ; thus, for inftahce, the weaknefs or 
rupture of foine veflels within the body, 
may occafion exGravafation of fluids, which 
is the firft ftate of the difeafe. Now if 
thefe extravafated fluids continue in any 
part of the body, they will gradually oc¬ 
cafion a fuppuration, an inflammation, or 
other Symptoms, which vary according to 
innumerable circmftances. This we may 
confider as the fecond ftate of the difeafe. 
Again, when a pally deprives a part of the 
body of its motion, the flefhy and even the 
more folid parts, in procefs of time, wafte 
and become disfigured j which is the effect 
of the obftrudted motion and circulation, 
and which we may therefore confider as 
the fecond ftate of the difeafe ; and fo of 
. the reft. Now it has been obferved, that 
the power of Electricity often removes the 
firft ftate of the diforder j but the latter is 
very feldom cured by it. Indeed it feems 
alraoift impoffible that a disfigured bone or 

deftroved 
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deftroyed .organization foould'lje reftored 
jto its found ftate by means jofElectricity. 
JDr. Franklin baying eledtrifeed feveral 
paralytic perfons in America, observed* that 
they were generally relieved for .a few days 
at the beginning, but that they afterwards 
.either did not mend, or relapfed into the 
ftate they were before foe ufe of .Elec¬ 
tricity*. Here it muft be obferved, th^t 
thofe paralyses were moftly of a long 
ftanding, and aifo that the, method praftifed 
by the Dodtcr, was to give ftrpng fhoqks, 
which we have already remarked to be ra¬ 
ther prejudicial. 

, ' * 

In general, foe application of Electricity 
has been found to be of very little ufe in 
cafes of long ftanding ; becaufe, .as.we ob- 
ferved above, foe more foftd .parts, by foe 
long continuance of the diforder, have un¬ 
dergone fuch alteration, as cannot be re- 
ftored by a mere ftimulus, fuch as foe 
eledtric a&ion is fuppofed to be.. How-. 
ever, fometimes difeafes of many years 

* See Dr. Frank tin's Philpfophieal Letters* 
.Papers, &c. and Dr. Priestiey’s Hift. of Ele&ri- 
«ity» 

ftanding; 
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.Handing have been perfectly cured or re¬ 
lieved by means of EleCtricity. In thefe 
cafes* therefore* although there may be lefs 
hppc of effecting a cure* it is not improper 
t 6 apply the power of Electricity, which, 
when jndiejopfiy managed* does never pro¬ 
duce any bad effects. 

Hitherto* I do not know that any au¬ 
thentic faCts have fhewn any difference 
between the application of different kinds 
of EleCtricity, in medical cafes. Whether 
the patients be electrified by the prime 
Conductor, or the infulated rubber of the 
ufual eleCtrical machines, viz. whether they 
are electrified pbfitiyely or negatively, feems 
to be quite indifferent. 

In refpeCt to the cafe6 in which Elec¬ 
tricity may be applied; experience (hews* 
that in general, all kinds of obstructions* 
whether of motion* or circuktion, or of 
iecretion, are very often removed or alle¬ 
viated by EleCtricity. The fame may be 
alfo laid of nervous diforders; both which 
include a great variety of difeafes. To 
perfons afflicted with the venereal dileale* 

or 
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or to pregnant women, eledfrization has 
been thought to be pernicious j but mjr 
reader may be allured, that even in thoft 
cafes it may be ufed without fear, if it be 
judicioufly managed. When pregnant wo* 
men are to be eledtrified for* any difordef, 
the fhocks fhould be abfolutely forbidden; 
and even when the other more gentle treat¬ 
ment's are ufed, a conftant attention fhould 
be given to any phenomenon that may' ap¬ 
pear in the courfe of the eledlrization; the 
method of which fhould be increafed, di- 
minifhed, or fufpended, according as cir¬ 
cumstances may indicate. 

Having thus given a fummary view of 
the theory of /medical Eledtricity, without 
entering into the detail of any phyfical 
cafes, I fhall referve to treat at large of the 
pradlical part, for the latter end of this, 
work. 


CHAP. 
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G H A Pi X. 

r 

I 'Containing a compendious view of the prin* 
cipal properties of EleSiricity. 

A FTER the laws hitherto eftablilhed 
in the fcience of Eleftrieity have 
been exhibited at large, and the particulars 
relating to each have been fufficiently con- 
fidered, it will not be amifs to Ihow in how 
fmalla compafs thofe laws may be reduced, 
and how Harrow is the foundation of all 
that has hitherto been done* 

I doubt not but this recapitulation will 
prove very ferviceable to thofe, who are no* 
vices in Electricity, as, by getting in me¬ 
mory a few particulars* they will not only 
reconcile all that which has been faid be¬ 
fore, blit will alfo be enabled themfelves to 
explain moft of the following experiments* 
and to underftand the application of the 
hypothefis, of which we {hall next proceed 
to treat. 

H Air 
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All the natural bodies are divided into 
two claffes, t. (• Elcdrics and Conductors. 
EleCtrics are fuch as may by fome means 
be excited, foas to produce EleCtrical ap¬ 
pearances ; but Conductors are fuch as can¬ 
not be excited by themfelves, i. e. without 
the interference of an EleCtric: further, 
eleCtrical fubftances will not tranfmit Elec¬ 
tricity, whereas the fubftance of Conduc¬ 
tors is pervaded by it. 

Electricity may be produced four ways, 
i.e. by friction, by heating and cooling, by 
melting, or pouring one melted fubftance 
into another, and by evaporation. 

When two different bodies, except they 
are both Conductors, are rubbed together, 
they will both (provided that which is a 
Conductor be infulated) appear electrified, 
and pofiefled of different Electricities ; fo 
when a piece of fmooth glafs is rubbed 
with an infulated piece of leather, it ac¬ 
quires one kind of Electricity, called the 
vitreous, pofitive or plus Electricity ; and 
the infulated leather acquires the other, 

called 
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Rifled the fefiiioiis; negative or minus Elec¬ 
tricity. 

The difference between thefe two Elec¬ 
tricities confifts principally in the appear¬ 
ance of their lights and in the phenomena 
Of attraction and repulfion. 

When the pofitive Electricity is Enter¬ 
ing a pointed body, it caufes in general the 
appearance of a lucid ftar or globule on that 
point; but the negative Electricity gene¬ 
rally fhows a lucid pencil Of rays feeming 
to jiTUe from the extremity of the pointed 
body; 

Bodies, pofiefied of die fame Electricity; 
fepel each other; but bodies; poffefled of 
different Electricities,- attract each other; 

Whenever bodies of afly kind come 
within the fphefe of action of an electri¬ 
fied body, except they are very fmall, and 
infulated, they become a&ually poffefled of 
the Electricity contrary to that of the elec¬ 
trified body; to which they are prefen ted. 

Hi No 
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No Ele&ricity can bfe obferved upon th<f 
' furface of any electrified body, except that 
furface is contiguous to an Electric, which 
tileCbric Can fomehow of other acquire a 
contrary Electricity at a little diftance; 
Otherwife,—no Electricity can appear upon 
the furface of any electrified body, except 
that furface is oppofite to another body, 
which has actually acquired the contrary 
Electricity, and thefe contrarily electrified 
bodies ate feparated by an EleCtric *. 

If 

* On confidering this principle, it may be afked, 
why any Ele&ricity can be obferved upon the furface 
of an ele&rified body, that is infulated at a confider- 
able diftance from other Conductors ? Or, which is 
the Electric, that is contiguous .to the furface of an 
eledtrified Condudtor, or excited Ele&ric, and which 
has actually acquired a contrary Eleftricity'at a little 
diftance from the faid furface? To this queftion is 
anfweredj that the air is in general the Electric, 
which is oppofite to the furface of any ele&rified body, 
which being not a perfect eledtric, does eafily ac¬ 
quire a contrary Eledtricity on a ftratum of its fub- 
ftance, that is at a little diftance from the eledtrified 
body; and in confequence of this ftratum, it acquires 
another ftratum contrarily eledtrified, and at a little 
diftance from the former 5 to th^s, other ftrata fucceed," 
alternately poffeJTed of pofitive and negative Eledtri- 
v cities, 
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If the: repulfion exifting between bodies 
poflefled of the fame kind of EleCtricity be 
excepted, all the other electrical phenomena 
are occafioned by the pallage of EleCtricity 
from one body to another. 

A confiderable quantity of EleCtricity 
exiftsin the atmofphere, and is certainly 
employed for fome* great purpofes of na¬ 
ture. 

The air, the clouds, the rain, the hail, 
the fnow, and the fogs, are almoft always 
electrified but electrization has not been 
found to promote or retard coagulations, or 
the freezing of water. 

/ 

Thefe few laws, well confidered, will be 
found to contain almoft all that is known 
of the fubjeCt, and if properly applied, they 

I 

cities, and decreafing in power until they vanifh, or 
.(come to the walls of the room, &c. The experiment 
of the glafs tube, mentioned in the Vlth chapter, 
ihows that, in general, when an Eleftric, fufficientjy 
denfe, is prefented to an ele£trified body, it acquires 
fucceflive zones, or ftrata of pofitive and negative Elec¬ 
tricity. 

H 3 may 
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- may explain moft of the experiments that 
follow. 

|5e£des what has been faid in this part of 
the prefentTreatife, there are feveiral other 
jnaxims, rules, &c. to be known in Elec, 
tricity i but as thefe moftly refpeft tl^e real 
pra&ice, fo they will be occasionally infert, 
Cd in other places, that feem better adapt* 
ed to their reception. 


* , 

PAR’S 
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PART II. 

THEORY OJP ELECTRICITY. 


CHAP. I. 

*The Hypotbefis of Pojitive and -Negative ' 
EleClricity. 

I T is the bufinefs of Philosophy to colledt 
the hiftory of appearances, and from 
thefe to deduce fuch mechanical laws, as 
may either be themfelves of immediate u.fe, 
or lead to the difcovery of other fadts more 
interefting and neceflary for the happinefs 
of human kind. After a number of fuch 
conftant appearances, which are called na¬ 
tural laws, have been eflabliflied, and con¬ 
firmed by a fufficient number of experi¬ 
ments, it is then proper to inveftigate the 
caufe of thofe effedts; which, if it be once 
difcovered, and its mode of adting be afcer- 
tained, puts an end to the trouble of expe¬ 
rimental inveltigation, and renders the ap¬ 
plication of its effedts certain, and deter- 
punate, 

H 4 Caufes 
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Caufes and effects are fo intimately con-, 
nedted and dependent on each other, that 
throughout the fyftem of nature we every 
where difcover a feries of energies, which 
whilft they are depending on, and derived 
from, their preceding terms, are at the fame, 
time the caufes - of 'their fticceeding ones. 
IBut what is the firft caufe of all the reft, 
which being not the effect of any preceding, 
may be called the fource of all, and the firft 
' term in the feries ? In contemplating this 
fource, the mind is loft in wonder, and, af¬ 
ter we are advanced a few fteps, we find 
that a cloud obftruCts our further progrefs, 
and, from continuing our inquiry ahd con¬ 
templation, nothing more can be derived but 
an argument to prove the imbecility and 
(hortnefs of our underftanding..'. This how¬ 
ever is not the fubjedt of the prefent Trea- 
tife; and all I meant to deduce is, that, after 
the laws of Electricity have been confidered, 
it is neceffary that- we (hould go £ little 
further, ^nd inveftigate, if poflible, the im¬ 
mediate caufe of that property in nature, 
pr confider the moft probable conjectures 
{hat have been offered on this fubjeCt: by 
{he knowledge of whicji we may explain all 
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the known electrical appearances, and adapt 
their effects to our purpofes with fomewhat 
more certainty and precilion. 

1 

The vaft number of hypothecs that have 
been framed in explaining the electrical 
phenomena, from the infancy of the fcience 
to the prefent time, may be ealily imagined, 
by confidering the great number of labour¬ 
ers, and the difcoveries that have been pro¬ 
duced without intermiffion in this field of 
wonders. It would be not only an endlefi* 
work to relate all the hypothefes hitherto 
offered, but alfo an ufelefs one, when they 
have been evidently contradicted by feveral 
experiments, and after they have all given 
place'to the hypothefis of a fingle eleCtric 
fluid, which generally goes under the name 
of Dr, Franklin’s. That although this 
hypothefis explains all the known electrical 
appearances, it is however not a demon- 
ftrable truth, but the molt probable fuppo- 
fition, I confefs ; and, in order that a due 
diftindtion might be preferved between the 
knowledge of faCts, and the fuppofition of 
their immediate caufe, I have feparated the 
forjner from the latter, and followed that 

method 
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method which feemed more phiiofophical 
and inflru&ive j but now to make further 
apologies for admitting this hypothecs, at 
a time when numberlefs experiments fpeak 
dear in its favour, would be doing an in¬ 
jury to- the philofophical world in general, 
andefpeciaUy to the ingenious philofophers 
that propofed and improved it. I fhall 
therefore, without further preamble, lay it 
down as it is now commonly and reafonably 
admitted; and Hiall ufe it in the explana¬ 
tion of the following experiments. 

All the phenomena called Ele&rical- arc 
fcppoffed to be effc&ed by an invifible fub- 
iile fluid exifting in all the bodies of the 
earth- It is fappofed alfo that this fluid is 
very elaftic, t. e. repulfive of its own parti¬ 
cles, but attractive of the particles of other 
matter. 

When a body does not fhow any electri¬ 
cal appearances, it is then fuppofed to con¬ 
tain its natural quantity of eledtric fluid (but 
whether that quantity bears any proportion 
to the quantity of matter in general, or not, 
is uncertain), and therefore that body is 

faid 
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laid to be in its natural or non-ekftrified 
Jlate : but if a body ihows any electrical ap¬ 
pearances, it is then {aid tp be electrified, 
and it i$ fuppofefl that it has either acquired 
an additional quantity of electric fluid, or 
that it has loft feme of its natural fhare. A 
body having received an additional quantity 
of eleCtric fluid, is faid to be overcharged, or 
fofitroely electrified; and a body that has loft 
part of its natural quantity of eleCtric fluid, 
is faid tp be undercharged, or negatively elec¬ 
trified. 

From hence it appears, why the terms 
yofitive apd negative, or plus and minus Elec¬ 
tricity came to be ufed j for the firft fignifies 
a real plus, pr Superfluity, and the fecond a 
real minus, or deficiency of the quantity of 
fleCtric fluid proper tp a body. < 


this hypothefis, which is analogous to 
the other phenomena of nature, the elec¬ 
trical appearances are eafily explained, and 
there iv not a Angle experiment that feems 
to contradict it. Firft it appears, that when 
an eledtric and a conducting fubftance are 
rubbed together, the Electricity is not then 
produced j but by the aCtion of rubbing, one 

b body 
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'-lody fmraps, as itvwere, the electric fluid 
•Irom the other* rvhehceV if one'becomes 
xpercharged with k, or pofitivdy elcdtrifted^ 

'• f - By what mechanilbi V)ne* bodyoexlrafls t&e ekflnc 
the other i*; Wt^yetJc^wri. ,jThe .celebrated 
Father Beccaria fuppofes that the a£lion of rubbing 
ioc/ealeth the capacity of the* Electric, r. el renders that 
part of the Efe&ric, "which is actually under the rubber, 
capable of containing a greater quantity of ele&ric fluid; 
hence k receives from the rubber an additional (hare of 
\vhich is manifefted upon the furfaejf of the Elec¬ 
tric, when that furface income out of the rubber; fn 
which ftate it lofes, or, as it were, contra&a its ca¬ 
pacity. Father Beccaria’s experiment to prove this 
f^ppqfition is the following:—He caufed, a gfafe plate 
Xp be rubbed by a rubbef applied on one fide of the 
plate, while it was turning vertically; and holding at 
die feme time a linen' thread on the other fide of the 
- plate, }uft oppofite to the rubber, he qbferygd, that the 
; thread* was, not attra£l;ed by that, part, pf the glafe which 
correfponded to the rubber, but by that which was op¬ 
pofite to the furface of the glafs that' had juft come 
out of the rubber; which (hews that the fluid acquired 
by* the glafs plate, did not manifeftits power until the 
furface. of the glafs was come out of the. rubber. But, 
query, in what manner does the glafs augment its capa¬ 
city of holding the ele&ric fluid by tbe a&ibn of the rub¬ 
ber ? See Dr. Franklin’s Letters, &c. § 34. Befides 
this, there axe other experiments to be mentioned in the ' 
courfc of this work, which clearly (hew that die capacity 
of a body to hold Electricity is increafed by ttye vicinity 
of certain cither bodies. 

tb« 
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the ©therawift neceflarily be 'Undercharged, 
or eledrified negatively, except its deficiency 
be fupplied by other bodies communicating 
with. it. From hence alfo appears the rea- 
fdn, why, when an Eledric is rubbed with 
an tnfulated rubber, it can acquire but little 
Eledricity> becaufe in-that cafe, the rubber, 
not communicating with other Condudors, 
can fupply the Eledric with only that finall 
quantity of fluid which belongs to itfelf, or 
which it colleds from the contiguous air. 

Eledric attradion is eafily explained; for 
this does not exift, except between bodies 
differently eledrified ; which mu ft certainly 
attrad each other, on account of die attrac¬ 
tion exifting between the fuperfluous elec- 
trie fluid of the bodies eledrified pofitively, 
und the undercharged matter of the bodies 
eledrified negatively. 

As to the repulfion exifting between bo¬ 
dies pofl'efled of the fame Eledricity j in or¬ 
der to underftand its explanation thorough¬ 
ly, the reader muft be reminded of the 
'principle mentioned in the preceding part, 
which is, that no Eledricity, /. e. the elec- 

trip 
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trie fluid.proper to a body, cart neither b$ 
augmented nor diminifhed upon the furface 
of that body, except the laid furface is con-* 
tiguous.to an Electric, which cart acquire a 
contrary Electricity at a little diftance j from 
whence it follows, that no Electricity Can 
be difplayed upon the facing furfaces of twd 
bodies that are fufficierttly near one another, 
and both poffeflcd of the fame Electricityj 
. for the air that frands between thofe contigu¬ 
ous furfaces has no liberty of acquiring any 
contrary Electricity. This being premifed, 
the explanation of EleCtric repulfion becomes 
very eafy* Suppofe* for inftanee, that two 
fmall bodies are freely fufpended by infulated 
threads, fo that when they are not electrified 
they may hang contiguous to one anothert 
Now fuppofe thofe bodies to be electrified 
either pofitively or negatively, and then they ' 
muft repel one another j for either the in- 
creafed, or the diminished natural quantity of* 
eleCtric fluid in thofe bodies, will endeavour 
to diffufe itfelf equally over every part of the 
furfaces of thofe bodies, and this endeavour 
will caufe the faid bodies to recede from 
each other, fo that a quantity of air maybe 
interpofed between thek furfaces, fufficient 

to 
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to acquire a contrary Electricity at a little 
<liflance from the fitid furfaces.—Oth»rw^ 
if the bodies, pofleffed of the fame EfeQai- 
■city, do not repel each other, fo that a fafia- 
cient quantity of air may be iwterpofed be¬ 
tween their furfaces, the increafed quantity 
of eleCtric fluid, when the bodies are elec¬ 
trified polkively, or the remnant of it, wheat 
the bodies are electrified negatively, fey the 
above principle, cannot be diffufed equally 
throughout, or over the furfaces of thofc 
bodies ; for no Electricity can appear upon 
the furfaces of bodies in contaft, or that are 
very near one another. But the ele&ric fluid, 
by attracting the particles of matter, endea¬ 
vours to diffufe itfelf equally throughout, or 
over the furfaces of thofe bodies; therefore 
the laid bodies are, by this endeavour, forded 
to repel one another. 

1 think it is unneceffary to infift further 
upon the above explanation; for the princi¬ 
ple, upon which it, depends, feems univer- 
fal and clear, fo that it may be eafily applied 
to explain eleCtric repulfion in general, as 
well as the repulfion between the above- 
mentioned two bodies. 

The 
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The charging of coated glafs, and other* 
Eledrics, as well as the other phenomena of 
Eledricity, may alfo be eafily accounted for 
by the above-mentioned hypothefis of Elec¬ 
tricity ; but I think it unnecelfary to enu¬ 
merate and account for all the particulars 
in this place, as we fhal}, have occafion to 
ipeak of them in the explanation of the ex¬ 
periments in the third part. 


CHAP. IL 


Of the Nature of the eleftric Fluid. 


T HE human mind, never fatisfied, after 
the caufe of fome effeds has been dif- 
covered, or only guefled at, attempts to in- 
veftigate fome more intimate quality, and 
even the origin of that fuppofed caufe, 
making further fuppofitions, and framing 
other hypothefes, which, by the courfe of 
things, muft certainly be lefs probable than 
the former. This unlimited endeavour to ac¬ 
quire knowledge is often too ridiculous to 
be purfued, on account of its abftrufenefs 
and uncertainty, efpecially when the fteps 
immediately preceding the fubjed in hand 
have but a fmall degree of probability. It 
is from hence that Philofophers have fre¬ 
quently 
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tjuently fpent a great deal of time, and trou¬ 
ble, in attempting to difcover the properties 
and cattfes of. what exifted only in their own 
imaginations. Sometimes, however, when 
a fuppofed exigence comes fo very near to 
truth, that the moft fceptic Philofopher he- 
fitates not to -confefs the probability of it* 
or when he can invent no argument to evince 
the contrary* then it isonot only allowable, 
hut neceffary for the bufinefs of Philofophy* 
to purfue the inquiry further, and, if no¬ 
thing elfe can be afeertain^d, at leaft to pro-* 
pofe fome further conjectures upon the for¬ 
mer hypothefis. This now is the cafe 'in 
the fcience of EleCtricity; and after we have 
related themoft plaufible hypothefis as yet 
offered, u e. that of a Angle-efaftic fluid, we 
come in this place to confider the effence of 
this fluid, in order if pofiible, that we might 
attain to, at leaft, fome probable conjecture 
refpeCting its materials. 

When nothing more than eleCtfic attrac¬ 
tion and repulfion had been obferved, Elec¬ 
tricians fuppofed that thefe were effected by 
a 'kind of unCtuous effluvia proceeding im¬ 
mediately from the electrified body* but 

I when 
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when the light, the burning quality, the 
phofphoreal fmell, &c. was perceived to be 
produced by excited Electrics, then it was 
naturally fuppofed, that the eledtric fluid 
was. of the fame nature with fire. This opi¬ 
nion has prevailed much among feveral 
Philofophers, and it is from hence, that 
the eledtric fluid has been commonly called 
Eledtric Fire. Befides this fijppofed identity 
of the eledtric fluid, and the element of fire, 
there have been two other opinions con¬ 
cerning the effenee of this fluid ; it having 
been thought by fome to be the ether of 
Sir Isaac Newton, and by others (whole 
opinion feems to be the moil probable) to 
be a fluid fui generis, i. e. different from all 
other known fluids. 

In order the more regularly to examine 
thefe conjedtures, it will be necefiary to pre- 
mife fomething in regard to the nature of 
fire, at leaft fo much as is fufficient for the 
prefent purpole. 

The element of fire may be confidered in 
regard to its origin, to the different Hates of 
its exigence, and to its effedts. In regard to 
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its origin it is commonly fpecified under the 
names of Celeftial, Subterraneous, and Cu¬ 
linary Fire j underftanding by the firft, that 
which proceeds from the fun, and, by being 
difperfed throughout the univerfe, gives life 
and motion to almoft every thing that exifts ; 
by the fecond, that which is the caufe of 
volcanos, hot fprings, &c. and laftly, under 
the name of Culinary Fire, underftanding 
that which is commonly produced upon the 
earth, by burning feveral fubftances. Thefe 
diftindtions however are little if at all ufe- 
ful; for* whatever be the origin of fire, its 
effedls are always the fame. 

In fefpedt to the different ftates of its ex- 
iftence, the Chymifts know only two j the 
firft obvious one, and indeed that, to which 
only is given the name of Fire, is that ac¬ 
tual agitation of the particles of that ele¬ 
ment, which produces the complex idea of 
lu,cid, hot, &c. that is commonly under - 
flood under the name Ftrt; and the other 
ftate is the real principle of fire exifting as 
a conftituent principle in feveral, and per¬ 
haps all fubftances ; or, that matter, whole 
particles, when agitated in a peculiar and 
I 2 violent 
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violent manner, produce the common feit- 
fible fire. 

This, which we may call fire in an in¬ 
active ftate, is the Phlogifton of the Chy- 
mifts, and is that, which when united in a 
fufficient quantity with other fubftances, 
renders them inflammable. It feems evi¬ 
dent that this principle does really exift for 
we may transfer it from one body to another; 
.we may render a body inflammable, which 
in- its own nature is not lb, by fuperinducing 
on it the phlogifton j and we may reduce a 
body naturally inflammable, to a fuhftance 
not inflammable, by depriving it of its 
phlogifton. 

* 

Now the eledtric fluid, as far as we can 
determine, bears but a very final! refem- 
blance to the above-mentioned two ftates of 
fire; for although it exifts in different bo¬ 
dies, as the phlogifton, yet when we com¬ 
pare its other attributes with thofe of fire, 
we then immediately perceive it to be not 
the fame, but a different principle. In the 
firft place, if they were both the fame thing, 
they Ihpuld be way s together, and where* 
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ever a certain quantity of fire exifts, there 
the fame quantity of eledric fluid fhould be' 
found: but this is contrary to experiments; 
for a piece of metal or other fubftance may 
acquire a -great degree of heat without ap¬ 
pearing at all eledrjfled; and on the other 
hand, may be ftrongly eledrified without 
acquiring by it any fenflble degree of heat, 
or any addition to its phlogifton. Se¬ 
condly, fire penetrates every known iub- 
ftance, and an exceedingly fmall quantity 
pf it is diffufed alike throughout bodies of 
every kind; whereas the eledric fluid per¬ 
vades only Condudors *. Thirdly, the 
eledric fluid goes through a very long 
Condudor in a fpace of time almoft in- 
ftantaheous; but fire is very flowly propa¬ 
gated. I might enumerate feveral other 
improprieties attending this hypothefis of 
the famenefs of fire and the eledric fluid, 
but thofe already mentioned are, I think, 
fufficient fb induce my readers to fuppofe 
otherwile. 

• Here may be obferved, that heat pervades more 
eafily the fubftance of fame good Conductors of Elec¬ 
tricity; the rule however is not general, 

I 3 
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. Dr. Priestley, on obferving that the 
eledtric explofion, taken in different kinds 
of air, adts, in general, like other phlogiftic 
proceffes, fuppofes that the eledtric matter 
either is, or contains, phlogifton *. In 
regard to this, I would obferve, that there 
is no neceflity of fuppofing the eledtric 
matter either to be, or' contain phlogifton, 
on that account; for the phlogifton, in this 
cafe, may, by the force of the eledtric ex¬ 
plofion, be extricated, either from the fur- 
face of the Condudtors, between which the 
explofion is taken, or from particles of he¬ 
terogeneous matter floating in that air, ill 
which the explofion is made ■f*. 

In regard to the fimilarity between the 
effedts of fire, and the effedts of the eledtric 
fluid, it will be very obvious to remark, 
that although fife is in feveral inftances 
produced by the eledtric fluid, yet we fhould 
never, confound tl^e one with the other, and 

< * Obfervations on different Kinds of air, vol. II, 
fee. XIII. 

t See my Treatife on Air, &c. p.433, 

confide? 
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confider them both as the fame thing} for 
it is well known that friction produces fire, 
and it is by no means furprifing that the 
electric fluid, by the rapidity of its motion, 
through fubftances, that in fome manner 
obftruCt its pafiage, fhould generate light, 
heat, rarefaction, and the other effeCts of 
fire *. ' , 

Mr. Henly,. in confequence of feveral 
very interefting experiments, made by him- 
feIf, fuppofed, that, although the eleCtric 
fluid may be neither phlogifton nor fire, yet 
that it is a modification of that element, 

1 

which, while in a quiefcent ftate, is called 
Phlogifton, and when violently agitated is 
called Fire. We conftantly obferve (fays 
he) I. That if two bodies that have an 
equal quantity of phlogifton (which is the 
cafe with bodies of the fame kind, as glafs 
and glafs, metal and metal, $cc.) be rubbed 
together, they acquire either very little, 
or no EleCbricity at all. II. That as one of 

* Here it is proper to obferve, that the ele&ric fluid 
fhows no effects of Are, except when it goes through 
frnie medium that obftru&s its free pailage. 

I 4 the 
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the bodies has a greater quantity of phlo-' 
gjiton than the other, fo they acquire a 
greater quantity of Ele&ricity, as when 
glaf® is rubbed with metal. ! III. Thai as 
certain degree, of friction prodiices EleCfcrb- r 
city, and that a more violent fri&ion pro¬ 
duces fire, hut no Electricity, as may be ob- 
ferved by rubbing together two pieces of 
baked wood, of glafs, &c. IV. And that in 
general, hodies, pofleffed of a greater quan¬ 
tity of pMogifton, give the electric fluid to 
bodies that have lefs of it, i.e. they acquire 
the negative EleCtricity, when rubbed with 
bodies that have a lefs quantity of phlfc- 
gifton ■ 

♦ Mr. Henlt, in order to try wbat EleArirfty dM- - 
fereht fubflances would acquire, infulated them upon - 
flicks of fealing wax, and rubbed them againf! his woollen 
coat, or waiftcoat. In this manner he tried a vaft nutri* 
ber of vegetable, animal, .mineral, and artificial fub* 
fiances; and he difcovercd a very remarkable law,which 
is, that fuch fubflances, which have a great quantity pf 
phlogiflon, as vegetable fubflances, and particularly the 
hot; aromatic plants and feeds-, &e. givt the d citric fluid} 
that is, they acquire the negative Ele&ricity when rubbed 
againfl the woollen cloths j and, that fuch fuhflances, 
which have but little plogifloq (as mofl animal fub¬ 
flances) acquire the ele&ric fluid from the faid cloths, i.e. 
they are eleilrified pofitively. See the Phil. Tranf. for 
the yqar 1777. 

From 
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From thefe ebfervations We gather, that 
the ei&drie fluid, and Are, are produced by - 
fim&rf operations, and are both ex traded 
from bodies abounding with phlogiflton; 
and heriee he concludes, that the phlo- 
giften, the eledrk fluid, and fire, are only 
different - modifications of the very fame 
element ; the firft' being its quiescent Hate 
of eJciftence, the fecond its firft aftive, and 
the lift its more violent ftate of Agitation; 
like fermentation producing firft wine, fc- 
pondly vinegar, laftly putrefadipr}. 

* 

As to the identity of the Eledrk, and the 
ethereal fluid, it feems to me quite an im¬ 
probable, or rather a futile and infignificant 
hypothefis $ for this ether is not a real, 
exifting, but merely an hypothetical, fluid, 
fuppofed by different Philofophers to be 
endued with different properties, and to be 
an element of feveral principles. Some 
fuppofe it to be the element of fire itfelf, 
others make it the caufe of attradion, others 
again derive animal, fpirits from it, &c.; 
but the truth is, that not only the efience, 
pr properties, of this fluid, but even the 
reality of its exiftence is abfolutely un- 
JcROwrii ) 

According 
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According to Sir Isaac Newton’s 
fuppofition, this ether is an exceedingly 
fubtle and elaflic fluid, difperfed through¬ 
out all the univerfe, and whofe particles 
repel the particles of other matter. But 
on this fuppofition the ele&ric fluid is dif¬ 
ferent from ether; for, although the for¬ 
mer is fubtle, and elaflic, like the latter, 
yet (as Dr. Priestley obferves) it is not 
repulfive like the ether, but attractive of all 
other matter. 


CHAP. 
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CHAP. III. 

Of the Nature of EleSirics and Condu&iors. 

T HE remarkable difference exiffing 
between the two clafles of bodies m 
regard to Electricity, i. e. EleCtrics and 
Conductors, naturally induees an Electri¬ 
cian to inquire what is that principle in 
bodies, or by what mechanifm fome fub- 
ffances become capable of tranfmitting the 
eleCtric fluid, whilft others are impervious 
to it ? 

Jn regard to the explanation of thefe two 
remarkable properties, there have been, as 
ipight be expeCted, feveral conjectures of¬ 
fered ; but, except one probable hypothefis, 
there is nothing a$ yet afcertained. When 
the catalogue of EleCtrics and Conductors 
was very fliort and imperfeCt, it was fup- 
pofed that the only two conducting princi¬ 
ples.were ipetals, and water; and that all 
fubftances were nearer, or further from the 
nature of a perfect Conductor, in proportion 
& they contained a greater or lefs quan- 
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tity of the above principles in their com- 
pofition, Wood, for in flange, was fup- 
pofed to be a Condudtor only on account 
of the water it contained within its pores-} 
accordingly, it was obferved, that the. 
greater quantity of moifture the wood con¬ 
tained, the better Conductor it proved to 
be, and on the contrary, that it adted more 
like an Eledtric, in proportion as it was 
freed from its moifture. But when water, 
iffelf was obferved to be a bad Conductor,' 
and hot air, and charcoal to be good Con- 
dudfors, efpecially‘the latfer, which fub** 
fiances, it is well known, contain no Water 
nor metal, at leafl not in fuch a quantity 
a£ fs fufficient to change a rion-Condudtiftg 
fubftance into a Cohdudtor, then the for¬ 
mer fuppofition was laid a fide, and another 
was offered by Dr. Priestley, in his fie** 
cohd volume of Obfervations on the differ**' 
efit Kinds ot Air *, which feems to be well 
founded, 

1 ' 

The Doctor, confidering what the priiW 
ciple is, which Conductors poffef3 in com** 1 

>■ ■ ■ ^ •* ( i , f _ * * 

. * Sec,Xiy. ■ * 
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men, and finding, one of their common in¬ 
gredients to be the phlogifton, deduces 
from thence, that the conducting quality 
is abiblutely owing to the phlogifton. 

“ Had there been (fays he) any phlogifton 
“ in water, I ftiould have concluded, that 
~ ec there had been no conducting power in 
“ nature; but in confequence of fome 
“ union of this principle with fome bafe. 
‘‘.In this, metals and charcoal exactly 
“ agree:—while they have the phlogifton, 

“ they conduct; when deprived of it, they 
“ Will not conduCt.” 

• And in-a note to this paragraph, he fub* 
joins> 

• ... , ' . . > 

: “ Having fince found, that long agitation > 
in the pureft water injures air, fo that 
“ a candle will not bum in it afterwards!, 

“ which is precifeiy the effeCt of all phlo* 

“ giftic procefies, I now conclude that the 
“ maxim, fuggefted in this paragraph, is 
** univerfally tme.” 

This hypothefis feems very ingenious 
and probable ; and, till any other more 

plaufible 
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plauftble be offered, or experiments contra¬ 
dict it, I think we may fafely make ule of 
it in purfuing our eleCtrical inveftigations, 
and endeavour to reconcile to it the pheno¬ 
mena already difcovered in Electricity. 


CHAP. IV. 

Of the Place occupied by the eleSlric Fluid. 

B EFORE we quit the hypothetical 
part of this Treatife, it may be proper 
to fay fomething concerning the refidence 
of the eleCtric fluid, either natural to & 
body, or fuperinduced on it. That the 
eleCtric fluid, proper to a body when in its 
natural Rate, is equally diffufed throughout 
all its fubftance, I think no one will deny j 
becaufe that fluid is attractive of the parti¬ 
cles of all other matter, and the parti- 
cles of other matter are attractive of the 
eleCtric fluid; and as this attraction i6 in 
proportion to the quantity of homogeneous 
matter, any quantity of matter will cer¬ 
tainly attract a quantity of eleCtric fluid 
proportionable to itfelf j therefore, the 

eleCtric 
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eledtric fluid mull be equally diffufed 
throughout all tjie parts of that portion of 
matter. This propofition, however,- will 
take place only in fpeaking of Condudtors; 
for it is founded upon the fuppofition, that 
the eledtric fluid, proper to a body in its 
natural flate, does freely pervade that fub- 
ftance; but whether this is a fadt refpedt- 
ing Eledtrics, or not, hath not hitherto been 
afcertained. As far as may be judged from 
experiments, I lhould fuppofe this rule to 
hold good with Eledtrics alfo; and my 
fuppofition is founded upon the following 
reafoning:—All the Eledtrics, when made 
very hot, become Condudtors*; in tnat 
ftate, therefore, the above rule mull hold 
good, t. e. the eledtric fluid, proper to their 
quantity of matter, mull be equally dif¬ 
fufed throughout their fubftance: and as 
all the Eledtrics in nature, before they be¬ 
came fuch (we mdy fuppofe) were Con- 
dudtors j in that fiate they certainly had 

* As this propofition has been found true in all the 
experiments hitherto made, I think it majr be con- 
fidered very properly, as a general law in the fcience of 
Ele&ricity. 

their 
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their proper fhare -of fluid* NdW as they 
afterwards cool, and become Electrics, it 
&©uld feem that the change of their na* 
ture could not affedt the equal diffuiion of* 
the electric, fluid, which took place whilft 
they were in ,a conduiting. ftatc *. In con* 
fequence of this consideration, the differ* 
ence between a Conductor and a Non* 
conductor, in regard to their natural quasi-* 
tky of eledbric fluid, is that in the former, 
the fluid may cafily move, whereas in the 
latter, it is confined in its pores. Bat it 
may be afked, whether a quantity of elec¬ 
tric matter, contains as much ole&rie fluid 
as an equal quantity of conducting matter; 
a piece of rofin, for in fiance, when melted, 
does it contain more, lefs* or the fame 
quantity, of oledtric fluid as when cold i 
, To this queflion I can give no fatisfadtory 
anfwerj for, by the experiments. hitherto 
made, nothing certain has been deter* 

* The only confideration which feems to oppofe 
fome difficulty to this hypothefis, is the property which 
feveral eleflric fubftances have of becoming electrical 
by cooling or coagulating. See the 4th .chap, of die 
preceding part.' 

. * mined. 
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rained. Dr. Priestley, in order to af- 
certain this'matter, made the following ex¬ 
periment :—He made a piece of glafs red- 
hot (in which Hate it is a Conductor) and 
placing it upon an infulated piece of cop¬ 
per, left it in that fituation till quite cold 
(i. e. till it became an Eledtric ); but in all 
the time of its cooling, no Eledtricity of any 
kind was perceived, either in the copper or 
glafs i which would have certainly been the 
cafe, if the piece of glafs had contained 
either more or lefs fluid when in an Elec¬ 
tric 1 , than when in a condudting ftate*. 
This experiment feems to give a decifive 
anfwer to the above queftion; but when the 
experiments, mentioned in the fird part, of 
melting an eledtric fubftance into another, 
and other facts of a fimilar nature, are duly 
confidered, they feem to make the anfwer 
again difficult -f*. It myft therefore be con- 

feffed. 


* Hiftory of Electricity, p. 716.—Experiments of 
a fimilar nature arc met with in Beccaria,’* Eledri- 
cilmo Artificiale. 

f The wax-chandlers, in forming their mafs into 
flicks, 6fc. find it fo ftrongly attradive of dull, he. 
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fefled, that this matter remains as yet un¬ 
fettled j and nothing but further experi¬ 
ments, and the difcoyery of other faCts, can 
determine any thing fatisfaCtory about it. 

In refpeCt to the place occupied by the 
eleCtric fluid fuperinduced on a bpdy, it 
has been thought, by feveral ingenious per- 
fons, that, when a body is electrified, all 
the fuperfluous fluid, or all the deficiency 
of it, in cafe the body is electrified nega¬ 
tively, refides as a kind of atmofphere all 
around the body j to this atmofphere they 
attribute the phofphoreal fmell, and that 
tickling fenfation produced by an excited 
EleCtric j and they even fuppofe that thefe 
atmofpheres may be made vifible. But to 
this aflcrtion it is anfwered by others, that 
if the Electricity communicated to a body 
did refide round it like an atmofphere, it 
fhould certainly repel the air contiguous to 
that body; but this is not the refult of ex- 

that they are obliged to ufe great caution in keeping it 
at a fufEcient diftance from the charcoal fire, over which v 
they work, left it (hould (as fometimes happens) cover 
itfelf with alhes,and thus fpoil the work. 

periments \ 
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perimepts; for it has been found that the 
eledtric atmofphere, however denfe, if i$ 
does at all exift, has no effedt upon the air 
Contiguous to the eledtrified body, nor has 
tl|e motion of the air, eyen a viplent wind, 
any efffedt upon the atmofphere. In regard 
to the above-mentioned fenfations of phof- 
phoreal fin ell, &c, it is thought that they ‘ 
are only occalioned' by the eledtric fluid 
entering or going opt of the fkin in a very 
Subdivided manner. 

From ;what may be deduced from expe¬ 
riments, it appears that, although the elec¬ 
tric fluid is tranfmitted through the fub- 
ftance of Condpdtors, yet no communi¬ 
cated Eledtricity can be observed within a 
Sufficiently narrow cavity of an eledtrified 
body; befides, if two bodies of the fame 
fi?e and figure, but of different denfities, are 
.eledtrified together, and afterwards fepa- 
rated, they will acquire each the fame quan¬ 
tity of Eledtricity; /. e. the Eledtricity that 
they acquire will be proportional to their 
Surfaces, and not to their refpedtive quan-r 
tities of matter, 

K z We 
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We may laftly conclude, that the Elec¬ 
tricity communicated to a body, lies not 
diffufed throughout the ihbftance of that 
body, but on that furface of it which is 
contiguous to a free Eledlric, /. e. to an 
Electric, that is not furrounded by an ho-' 
mologous Eledtricity. 


v 
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PART III. 

PRACTICAL ELECTRICITY. 


C H A P. I. 

Of the eleSirical Apparatus in general. 

H itherto we have treated of 
Electricity only theoretically, hav¬ 
ing noted what has been found uniformly 
certain relative to this fubjeCt, and having 
exhibited a view of the molt probable con¬ 
jectures'offered in explanation of electri¬ 
cal appearances ; but EleCtricity being a 
Science that requires a more practical ma¬ 
nagement, than perhaps, any other branch 
of natural philofophy, it is neceffary that, 
we Should now treat of it practically, and 
give the belt directions we are able, both in 
regard to the construction of the neceSfary 
apparatus, and to the performance of the 
experiments not only requilite in proving, 
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the foregoing Propofitions, but fuch alfo as 
are pleafing and entertaining; 

Ih this part of my work tbe reader will 
perhaps find more novelty than he ex¬ 
perts j for, confidering the number of books 
that have been lately publiflied on this 
fubjedt, one would imagine that all the ex¬ 
periments poflible to be exhibited with 
an electrical machine, and its appendages* 
bave already been deferibed; The cafe 
however is much the contrary* for not only 
the, old experiments have been diverfified* 
but a variety of new ones haVe been in¬ 
vented) and even the principal part of the 
apparatus has undergone feveral changes 
and improvements; 

In order the more regularly to proceed 
jrt the defeription of the eledtrical appara¬ 
tus, it will not be improper to divide its 
parts into three dalles * confidering in the 
firft, the inllruments neceffary to produce 
Eledtricity * in the fecond, thofe proper to 
accumulate, retain, and employ it $ and 
lalt.y) thofe neceffary to meafure its quan¬ 
tity) and ascertain its quality'; 
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*The principal inftrument to produce 
Eledricity, is the eleCtrical Machine, i. e. 
a machine capable by any means of exciting 
an EleCtric* fo as to produce eleCtrical ap¬ 
pearances. The conftruCtion of thofe ma¬ 
chines, from their firft invention to the pre- 
fent time* has undergone fo many changes, 
and their forms have been fo much varied, 
that it would be very difficult, and even 
tedious, to defcribe thofe only which are 
moll frequently in ufe, Every maker, and 
almoft every Electrician, conftruCts his own 
machines in a manner different from the 
reft; and, as. new fa,Cts or long practice 
points out forne imperfections, the Elec*' 
trician is ready to contrive a new method 
to corred the preceding errors. Indeed 
theo rapid advance of the fcience is moftly 
owing to this change, and variety of con- 
ftruCtions ; for whether cafual, or defigned, 
a new conftruCtion has generally either 
produced fome difcovery of importance, or 
expofed fome defeCt in the apparatus, and 
management of the lame. 

That the reader may be left at the 
K 4 liberty 
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liberty of choofing the form of his ma¬ 
chine, I fhall in this chapter lay down the 
molt neceflary rules to conftruCt eleCtrical 
machines in general ; and fhall referve for 
the next chapter the particular defcription 
of fome machines, that are the mofl ufeful, 
and which contain all the improvements 
hitherto made. 

The principal parts of the machine arC 
the Electric, the moving Engine* the Rub¬ 
ber, •and the prime Conductor, i. e. an in¬ 
flated Conductor, which immediately re¬ 
ceives the Electricity from the excited 
EleCtric. 

The EleCtric was formerly ufed of dif¬ 
ferent fubftances, as glafs, rofin, fulphur, 
fealing-wax, &c. ; and of -different forms, 
as cylinders, globes, fpheroids, &c. This 
diverfity then obtained on two accounts; 
hrfl, becaufe it \yas not afcertained, which 
fubftance or form would anfwer belt ; and 
fecondly, on account of producing a nega¬ 
tive or pofitive Electricity, at the pleafure 
of the operator-,; for before the Electricity 

pf 
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bf the infulated rubber was difcovered, fol- 
phur, rough glafs, or fealing wax, was 
generally ufed for the negative Electricity. 
At prefent, fmooth glafs only is ufed; for 
when the machine has an infulated rub¬ 
ber, the operator may produce politive or 
negative Electricity at his plea fare, with¬ 
out changing the EleCtric. In regard to 
the form of the glafs, thofe commonly ufed 
at prefent are globes and cylinders. The 
mod convenient lize for a globe,is from nine 
to twelve inches diameter: they are made 
with one neck, which is cemented * to a 
ftrong brafs cap, in order to adapt them to a 
proper frame. The cylinders are made with 
two necks; they are moftly ufed without 
any axis -f, and their more ufual fize is from 
four inches diameter and eight inches long, 

* The heft cement for eleftrical purpofes is made 
with two parts of rofin, two of bees-wax, and one of 
the powder of red okre. Thefe Ingredients are melted, 
and mixed together in any veflel over the fire$ and 
afterwards kept for ufe. This kind of cement flick $ 
very faft, and i? much preferable to rofin alone, as it is 
not fo brittle, and at the fame time infulates equally well. 

+ It is not improper to flrengthen the very large cy¬ 
linders by means of a glafs axis, viz. a folid flick of glafs 
from one cap to the other. 

to 
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to twelve or eighteen inches diameter and 
two feet long; though fome have been made 
in London even of twenty-four inches in 
diameter. The glafs generally ufed is the 
beft flint, though it is not yet abfolutely de* 
termined, which kind of metal is the beft for 
electrical globes, or cylinders. The thick* 
nefs of the glafs feems immaterial, but per¬ 
haps the thinneft is preferable. It has often 
happened, that glafs globes, and cylinders, 
in the aCt of whirling, have burft in innu¬ 
merable pieces, with great violence* and with 
fome danger to the by-ftanders. Thofe ac¬ 
cidents are fuppofed 'to happen when the 
globes, or cylinders, after being blown, are 
fuddenly cooled. It will therefore be ne* 
ceflary to enjoin the workman to let them 
pafs gradually, from the heat of the glafs- 
houfe, to the atmofpherical temperature. 

It has been long queftioned whether a 
Coating of fome eleCtric fubftance, as rofin, 
turpentine, &c. on the infide furface of the 
glafs, has any effeCt to increafe its electrical 
power ( but now it feems pretty well deter¬ 
mined, that if it does not increafe the 
power of a good glafs globe of cylinder, at 
o leaft 
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leaft it does confiderably improve a bad one* 

I have feveral times put a coating of rofin 

On the infide furface of phials and tubes* 

and have conftantly found that the word: of 

them received fome improvement by it. 

» . 

The mod approved compofition foj* lin¬ 
ing glafs globes* or cylinders, is made with 
four parts of Venice turpentine, one part of 
rofin* and one part of bees-wax. This 
compofition muft be boiled for about two 
hours over a gentle fire, and muft be kept 
ftirring very often : afterwards it is left to 
cool, and referved for ufe* When a globe 
or cylinder is to' be lined with this mix¬ 
ture, a fufficient quantity of it is to be 
broken into fmall pieces, and introduced 
into the glafs; then, by holding the glafs 
near the fire, the mixture is melted, and 
equally fpread over all its internal furface, 
to about the thicknefs of a fixpence. In 
this operation care muft be taken, that the 
glaft be made hot gradually, and be con¬ 
tinually turned, fo as to be heated equally 
ki all its parts, otherwife it is apt to break 
jn the operation* 

Itt 
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In refpedt to the Engine. which is to 
give motion to the Eledtric, multiplying 
wheels have been generally ufed; which* 
properly adapted, might give the Eledlric a 
quick, motion, while they are conveniently' 
turned by a winch. The ufual method is, 
to fix a wheel on one fide of <he frame of 
the machine, which is turned by a winch, 
and has a groove round its circumference. 
tJpon the brafs cap of the neck of the glafs 
globe, or one of the necks of the cylinder, 
a pulley is fixed, the diameter of which is 
about the third or fourth part of the diameter 
of the wheel; then a firing or ftrap is put 
over the wheel and the pulley, and by thefi 
means, .when the winch is turned, the 
globe or cylinder makes three or. four 
revolutions, for one revolution of the 
wheel. There is an inconvenience gene¬ 
rally attending .this conftrudtion, which is, 
that the firing is fometimes To very flack, 
that the machine cannot work. To .reme¬ 
dy this inconvenience, the wheel Ihould be 
made moveable with refpedt to the Eledtric, 
lb that by means of a fcrew it might be 
fixed at the proper difiancei or elfe the 

pulley 
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pulley fhould have feveral grooves of differ¬ 
ent radii on its circumference. 

It has been cuftomary with fome, to 
turn the cylinder limply with a winch, 
without any accelerated motion j but that 
has not been thought fufiicient to produce 
the greateft eledtric power, the glafs is ca¬ 
pable of giving; for the globe Or cylinder 
fhould properly make about fix revolutions 
in a fecond, which is more than can be 
conveniently done with the winch only. 
This method, however, has been lately 
adopted by Mr. Nairne, who, by a nice 
conftrudtion of every part, has produced a 
very powerful electrical machine; of which 
I lhall give a delcription in the fequel. 

Inftead of the pulley and the firing, as 
above deferibed, a wheel and pinion, or a 
wheel, and an endlefs ferew, has been alfo 
ufed.' This conftrudtion anfvvers perhaps, 
as well as any other j but it muft be con- 
ftrudted with great nicety, otherwile, it is 
apt to make a difagreeable rattling, -and 
without frequent oiling, foon wears away 
by the great fridtion of its parts. 

The 
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The next thing belonging to the Elec* 
trical machine, neceflary to be defcribed, i§ 
the rubber, which is to excite the Eledtric, 
The rubber, as it is now made, is nothing 
more than a filk cqlhion Huffed with hair $ 
and over this culhjoir is put a piece of lear 
ther, on which fome amalgam * has been 
^rubbed, fo as to flicjc as fall as poffible to 
the leather. Some time ago it was generally 
ufed, and it is now cullomary alfo, to make 
the rubber of red bafil Ikin Huffed with 
hair j but the filk one, as above defcribecl 
(which is an improvement of Dr.NooTH) 
is much preferable. If this filk pufiuon, 
on account of adapting if to the furface of 
the glafs, is to be fixed upon a metal plate* 
then care Ihould be taken to mal^e the plat? 
free from lharp points, edges, or corners, 

♦ The amalgam has been found £o excite fmooth 
glafe moft powerfully. Any metal, diflolved in quick- 
filver, will perhaps’ do equally well, bu$ the amalgam 
that ^has been generally ufed, is made with two part* 
of quickfilver and one of tin-foil, with a fmall quan¬ 
tity of powdered chalk, mixed together until it become* 
a mafs, like pafte. An amalgam made with one part 
fcinc, and four or fivfe parts of mercury, anfwers ftill 
better, as difcovergid by Dr. Higgins* Mojaic gotf 
WW alfo be ufedy 

wi 
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and it Ihould be as much as poffible con¬ 
cealed, pr covered with lilk. In Ihort, tq 
conftrudt the rubber properly, it rauft be 
made in fuch a manner, that the fide pf it, 
which the furface of the • glafs enters in 
whirling, may be a? perfect a Conductor 
as it can be made, in order to fupply Elec* 
tricity as quick as poffible ; and the oppo- 
fite part ihould be as much a Non-conduc¬ 
tor as poffible, in order that none of the 
fluid accumulated upon the glafs, may re¬ 
turn back to the rubber j which has been 
found by experiment tp be the cafe, when 
the rubber is not made in a proper manner. 
For which reafon a piece of filk is alfo add¬ 
ed to the extremity of the leather,—Mr. 
NAirne’s rubber ponfiits of >filk only put 
over the leather cufhion, and very little 
amalgam is ufed with it. 

The rubber ihould be fupported by a 
fpring, by which means it may eafdy ffiit 
any inequalities that may be found on the 
furface of the glafs j and by a fcrew it may 
be made to prefs harder or fofter, as opca- 
fion may require. It ihould alfo. be infu* 
lated in whatever manner is moil conve¬ 
nient^ 


Digitized by Google 



144 ^Complete Treatise 

luent; for whenever infulation is not re¬ 
quired, a chain or wire, &c. may be occa- 
fionally hung upon it, and thus it may be 
made to communicate with the earth, or 
with any other body, at pleafure j whereas, 
when there is not a contrivance for inf¬ 
lating the rubber, many of the moil curious 
experiments in Electricity cannot be per¬ 
formed with the machine. 

We come now to confider the prime Con¬ 
ductor, or firft Conductor, which is nothing 
more than an infulated conducting fubftance 
furnifhed with one or more points at one end, 
in order to colleCt the EleCtricity immedi¬ 
ately from the EleCtric. When the Con¬ 
ductor is of a moderate iize, it is ufual to 
make it of hollow brafs; but when it is very 
large, then, on account of the price of the 
materials, it is made of pafteboard or wood, 
covered with tin-foil, of tin plates, or even 
df gilt paper. The Conductor is generally 
made cylindrical but let the form be yvhat 
it will, it Ihould always be made free from 
points, or fharp edges; and if holes are to 
be made in it, which on many accounts are 
very convenient^ they fhould be well round¬ 
ed 
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ed, and made perfectly fmooth. Further* 
that end of the prime Conductor, which is 
at the greateft diftance from the Electric, 
ought to be made larger than the reft, as 
the ftrongeft exertion of the eledlrk fluid, in 
efcaping from the Conductor, is always at 
that end. i 

It has been conftantly obferved, that the 
larger the prime Conductor is, the longer, 
and denier fpark can be drawn from it; and 
the reafon of this is, that the quantity of 
■ Electricity,, difeharged in a fpark, is nearly 
proportional to the lize of the Conductor • 
on this account the prime Conductor is 
now made much larger, than what was 
formerly ufed. Its fize, however, may be 
fo large, that the diflipation of the Electri¬ 
city from its furface, may be greater than 
what the EleCtric can fupply; in which 
cafe fo large a Conductor would be nothing 
more than an unwieldy, and difagreeable in¬ 
cumbrance. r 

Before we quit the EleCtrical Machine, 
.it^lhould bei qbfervefl, that,belides the 
^‘bp^-naeijtionp^jpa^s, r it ,% g«?effa£y„ to 

Xibiosq'o L 


Digitized by Google 



*4.6 A Complete Tft&A't'isE 

have a flrong frame to fupport the fcle&ric, 
the rubber, and the wheel. The prime 
Conductor fhould be fupported by Hands 
with pillars of glafs, or other folk! Non cori- 
dudtor, and not by filk firings, which ad¬ 
mit of continual motion. In fhort, the 
machine, the prime Conductor, and any 
other apparatus actually ufed, fhould be 
made to Hand as Heady as poflible,^ other- 
wife many inconveniences will arife, <_ - 

r- ■' *' -- |- - t n 

K A. - <** 

\ Befides the eleflrical Machine, the Elec¬ 
trician fhould be provided with glafs tubes 
of different fizes, a pretty large flicfcnf feal- 
ing-wax, ora glafs tube covered with fee¬ 
ing-wax, for the negative"Electricity. * He 
fhould at leafl hot be without a glafs tube 
about three feet long, and one inch and-a 
half in diameter. This tube fhould be cloied 
at one end, and at the other end fhould 
have fixed a brafs cap with a flop-cock, 
which -is ufcful -in cafe it fhould ! be requir¬ 
ed to condenle or rarefy the air within the 
tube. 

-.V bni'/I • : 'i 3.'; o-Jh,a 

r l - ThC-hfeH 1 tbbbCf^fbt i 4 J tutic ^'-fmodth 
' %lafs S' ffie? rough fidfc iof blatfcffSbd 1 fUkf 
v efpecially 
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• efpecially when it has foine amalgam rubbed 
upon it; but the belt rubber for a rough 
glafs tube, a flick of baked wood, igaling- 
wax, or fulphur, is foft new flannel; 

The inflruments neceflafy for the accu¬ 
mulation of EleCtricity, are coated EleCtrics, 
among vfrhich, glafs coated with Conductors 
obtains the principal place. On account of 
its flrength it may be formed into any fhape, 
and it will receive a very great charge* The 
form of the glaf9 is immaterial with refpeCt 
to the charge it will contain ; its thicknefs 
only is to be confidered, for the thinner it is, 
the higher charge it is capable of receiving; 
but it is at the fame time more fubjeCt to be 
broken by the force of eleCtric attraction j 
for this reafon, therefore, a thin coated jar 
or plate may be ufed very well by itfelf, and 
it is very convenient for many.experiments; 
but when large batteries are to be conftruCt- 
ed, then it is neceflary to ufe glafs a little 
thicker, and care fhould be taken to have 
diem perfectly well annealed. If a battery 
be required of no very great power, as con¬ 
taining about eight or nine fquare feet of' 
boated glafs, 1 fhould recommend to make 
L 2 ufe 
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ufe of common pint, or half-pint phials* 
fuch as Apothecaries ufe. They may be ea- 
lily ^patcd with tin-foil, fheet-lead, or gilt- 
paper on the outfide, and brafs-filings on 
the infide; they occupy a fmall fpace, and, 
on account of their thinnefs, hold a very 
good charge. But when a large battery is 
required, then thefe phials cannot be uled, 
for they break very eafily; and for that pur- 
pofe cylindrical glafs jars, of about fifteen 
itiches height, and four or five inches in dia¬ 
meter, are the mod conyenient. One large 
jar anfwers better than feveral fmdll ones, 
becaufe the diflipation of the ele&ric fluid 
over the uncoated part is not fo confidera- 
ble in the former as in the latter cafe. But 
then, if a large jar breaks, the lofs is much 
more confiderahle. 

When glafs plates or jars, having a fuf- 
ficiently large opening, are to be coated, the 
heft method is to coat them with tin-foil on 
both fides, which may be fixed upon the glafs 
with parte, varnilh, gum-water, bees-wax, 
&c .} but in cafe the jars have not an aper* 
ture large enough to admit the tin-foil, and. 
van inftrument to adapt it to the furfacc of 

the 
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thie^lafs, then brafs filings, fuch as are fold 
by the pin-rnakers, may'be- advantageoufly 
ufed; and they may be ftuck with giim- : 
water, bees-wax, &c. but not'with varnifli, 
for this is apt to be fet on fire by the dif- 
chirge^ as tviil : appear in the latter part of 
this-Wbrk. Care muft be taken that the 
coatings do:not come very near the mouth 
of -'the jar, for that will caufe the jar to 
discharge itfelf. If the coating is about two ’ 
inches below the top, it will -in’ geheral do ' 
very well; but tliere ate fome kinds of gl afs, ' 
efpecially tinged glafs, that, when coated- 
and charged, have the property of difcharg- 
ing themfelves more eafily than others, even 
when the coating is five or fix inches below 
the edge *. There is another fort of glafs, 
like that of which Florence flafks are made, 
which, on account of fome unvitrified par¬ 
ticles in its fubftance, is not capable of 
holding the leaft charge; on thefe accounts, 
therefore, whenever a great number of jars 

* When a jar difcharges itfelf, the ele&ric fluid runs 
from the infide to the outfide coating over the furface of 
the glafs, where it leaves an indelible mark all along its 
path, which is moftly of a zig-zag form. 

, . L 3 are 
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afe to be chpfen for a large battery,; it i$t 
advifabjeto try fome of thej&, fir#, fo that: 
their quality and f power-tii^ay' bp ftfoerV 
tained. :, . . , . ,. , . .. , 

, . , I '! V> ' '' * ‘ * 1 ’ 

Electricians have ofjten ; endeavoured, ,tp 
find fbme other Ele&ric, which might aor 
fwer better than' glafs for this purpofe,; at 
lead be cheaper j. but, except {father {tec- 
car iA’s method, which may be ufed very 
well, I do not End that any remarkable; 

discovery ha s been made relating tp this, 

ppint. 

Father Beccaria took equal quantities 
pf very pure colophonium, and powder of 
marble lifted exceedingly fine, and kept 
them in a hot place for a.cpnfiderable time, 
where they became per/e&ly. free frqm 
moidurc; he then mixed them, and melted 
the compoGtion in a proper vefiel oyer the 
fire, and when melted poured it upon a table, 
upon which he had previoufiy duck a piece 
of tin-foil, reaching within two or three 
inches of the edge pf the table •, this done, 
he endeavoured with a hot iron to fpread 
{he mixture all over the table as equally as 

pofiible. 
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po^y^e, and' to; the thicknefs of -one-tenth 
of;,an-inch;, he afterward? Qo£ted it with- 
agotfasr piece gf tin-foil, .reaching wkhin; 
v about twq inches of the edge of thi? mixture; 
in. lh©rt‘, hq coated; a -plate of this mixture 
likt a? plater of glafs. This coated plate, 
from what he fays, feems to have had a 
greater power than-a glafs plate of the lame 
dimenfipns, even when the weather was not 
very dry : and, if it is not fubjedt to break 
very .eafily by a fpontaneous difcharge, I 
think it may be very conveniently ufedj for 
it doth not very readily attradl moifture, and 
confequendy may hold a charge of Electri¬ 
city better, and - longer, than glafe:- befides, 
if broken, it may be .repaired by a hot iron; 
which is. not the cafe with glafs. 

•When ajar,qa battery, or. in general! a 
coated^.Ele&riq, i? jto be difcharged, the 
operator Ihould be 4 provided with an inftru- 
ment called the difcharging Rod, which 
cohfift* of a metab rod fometimes ftraight, 
but rrfore commonly bended in the form of * 
a C: they are made alio of two joints, fo as 
to open like a kind of compares. This rod 
■ L 4 • < • is- 
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is fumifhed with metal knobs at its extre¬ 
mities, and has a non-conduiting handle^ 
generally.of glals or baked wood,faftened to 
ks middle. When the operator is to ufe ‘ 
(this inftrument, he holds it by the handle, 
and, touching one of the coated fides of* the 
.charged Eledtric with one knob, and ap¬ 
proaching the other knob to the other coat¬ 
ed fide, or fome conducing fub fiance com¬ 
municating with it, he completes the com- 
* munication between the two fides, anddif- 
oharges the Electric. 

t 

The inftruments to meafure the quantity, 
and afcertain the quality of Eledtricity,’ ait 
commorily called EleSlrometers} and they 
are ,qf fpiy forts, jft. the -Engle Thread, idi 
the ^Cork, or pith-balls, 3d. the (Quadrant, 
and 4th. the difcharging Ele^ometer *, 
But a particular rfefcription of the fame will 
ibe found in the third chapter irf this work. 

* The fecond fort of E|lectrt«xietCT, i. e, the writ*: 
halls Ele&rometer, was invented by Mr. Canton;, 
the difcharging Electrometer was invented by Air. 
I/ANE j and another, on a different principle, by Mr. 
Kinnersley : and the quadrant Electrometer, which 
jis,pf lateft invention, is a contrivance of Mr. Henly. 

Befides 
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BeAdes the apparatus above defcribed, 
there are feveral other inftruments ufeful for 
various experiments, but thefe will be de-^> 
fcribed occafionally. The Electrician, how* 
ever, ought to have by him not only a, Angle. 
coated jar, a Angle difcharging rod, or, in 
fhort, only what is neceAary to perform the 
common experiments j but he fhould pro¬ 
vide himfelf with feVeral plates' of glafs, 
with jars of different Azes, with a variety of 
different inftruments of every kind, and 
even tools for con ftrudting'them j in border 
that he may readily make fuch new experi¬ 
ments, as his curioAtymay induce him to 
tiy, or that may be publiihed by other inge-* 
nious perfons, who are purfiiing their re- 
larches in this branch of philofophy. 


CHAP. 
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d^fcriptiSi §P Tonie pay titular eleSlrical 
-v/oii ' 'falacfoines-\ 

J v^r-F*;; vino ion n: - . t - •„ /;::I o: :t: ::• /!•?'• - 

[.N .th|s oi chapterJ fhall .pjefcnl the- reader 

^^fiptipn of £ome 
eleari^l , 

ve; y .lic^ept^k after the g^nept account, pf. 
the ;r feenftce$jjjp,. which . fia$ ; -already b,e$p, 
g^yen. . Tjie^firft of ^thefe is defcribt;d 
ly .'Dr. Priestley, in hi§ Hiftory pf, 
Eledricity *; f ;wHere a, drawipg^ pf the fame, 
may be feen* and which,, op account of ,if£ 
extenfive ufe, may be defervpdly called.4. 
uhiverlal electrical Machine. • , 

'r j. . . - .. 


The balls of this machine confifts of two 
toblong boards, which are kept in a fitua- 
tion parallel to one another, about four 
inches afunder, by two fmall pieces of 
board properly adapted to that purpofe. 
Thefe boards, when let horizontally upon 
a table, and there fixed by fattening the 
lower of them with iron clamps, form the 
fypport cf two perpendicular pillars of 
... * Part V. Sec. II. 

baked 
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ytfqod, an<|?df the rubber # the tawt* 
of : th«;rpUfert^tOg#h,dr.with 
the fpring fupporting the \ rubber* fiifleS in . 
a groove, which reaches almoft the whole 
leog^fi of fhd appeif Jhbard, ad 3 » by means 
ctrdicrewsd mhyrbffl^iacidifalt anyprequired' 
dif^aficefrom tbe.-btlidr <£illaiv which isdbt- 
edrijbeing) det through, fc-morticein the up-"' 
pnobpacd* amd ffrongly: fattened to- the low- 
etv linnthaiB two pillars are ffefeerkl holes 
for “the: admittance of ' : tfie fpindles of dif- 
fofehfe globes;; and;tas T they may be fituated 
at axiy diffancerfrdm one another, they may 
bei adapted to recede not only globes, bat 
alfoiicylinders, ac:ffpheroids,'.of’ different 
in this .makdimej* fays: Dr.t'PitiEST ! -‘ 
rE^vmore than One: globe ^or cylinder- may 
be ufed at once, by fixing them one above 
the .other, in the different holes of .the pil¬ 
lars j and by adapting to each a proper pais¬ 
ley,; they may be whirled all at- once; and 
their power united, in order to increafe the 
Electricity *; but in this conftruftion I do 

. not 

•“When fcveral globes are ufed at once, and their 
power is united, it has been found by experiment, that 
the Electricity does not increafe in proportion to their 

number. 
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ndtlhfek that dffl^retft Jriifc&giS cari J bc -eon-- 
Whiently* implied to‘them • alt;winch 4 j 
caphalimperlb&ion^ V'-m-s 

■ ■ k 71OTiifl*.-jOrtJi£v)’I ' '..‘*.i«V ... . ...el’J . 

u* f . The rubber ^toofiila«|^a hollctw ^iece 
‘liOf.'.copper, hlledurfijch chqrfci-bair,; and; 
‘‘. fdvered; wrtb'fa: -haifil rflcin.; l ,It . is; fujuo 
ported hy j2u iacket.x iwhichi tecqjiiesJ thej 
“-cylindrical aim. of; aground: and flat piece : 

of .baked wood, the oppofitcr; pact of- 
**- vvhich is infertedi.into -the jbcket of a 
** bent fteel fpring. ' The{© parts. deb eafily: 
*<■ feparafed, fo that the rabbet* or the piece 
“pf wood that ferves3toeiafulate.it, may; 
“ be changed at pleafura The fpring' 
** admits of a* two-fold alteration of pofr- 
“ tion. It.may be either flipped along the 
44 grooye, or moved in the contrary difec- 
** «ion” (the groove being wider than 
the fcrew which, fattens the fpring), “ fo 
“ as to giye it . every deflrable pofition with 

number, although it is more than what may be pro¬ 
duced by a fingle globe. However, as the fri&ion, and 
the difficulty of working the machine, increafes in pro¬ 
portion to the number of globes or cylinders, fo I think 
that one good large cylinder is preferable to many of 
them. 

44 refpeft 
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** refped to the globe or cylinder; and it 
** is, befides, furnifhed with a ferew, which 

makes it prefs harder or lighter, as the 
“ operator choofes.” 

The wheel of this machine is fixed to the 
tables it has feveral grooves, for admitting 
more firings than one, in cafe that two or 
three globes or cylinders are ufed at a 
time; and as it is difengaged from the 
frame of the machine, the latter may be 
ferewed at different difiances from the for¬ 
mer, and thus fuited to the variable length 
of the firing. 

The prime Conductor is of hollow cop¬ 
per, made in the fhape of a pear, fituated 
with its neck upwards, and with its bot¬ 
tom or rounder part upon a ftand of baked 
wood; and an arched wire proceeds from 
its neck, having an open ring at its end, in 
which" fome ftnall pointed wires are hung, 
that by playing lightly upon the Electric, 
colled the eledric fluid from it. This 
form of prime conductor is, however, very 
improper. 


This 
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This machine, notwithftandiilg that' 'it 
has feveral imperfections, i6 yet avefygobd 
contrivance; but, except different globes, 
or cylinders, or feveral of thofe at once* ate 
required to be ufed, I think a great deal of 
the work may be fpared, and the machine 
might be made more iimple and concife. 

Next to Dr. Priestley’s machine, I 
ihall defcribe another, which, for its fira- 
plicity, and concifenefs, makes a fine con¬ 
trail with the former. 

This machine confills of a circular glafs 
plate, about one foot diameter, which is 
turned vertically by a winch fixed tcT the 
iron axis that paffes through its middle,; 
and it is rubbed by four cufhions, each 
about two inches long, fituated at the op- 
pofite ends of the vertical diameter. 

The frame confills of a bottom board, 
about a foot fquare, or a foot long and fix 
inches , broad, which, when the machine is 
to be tiled, may be fattened by an iron 
clamp to the table. Upon this board two 
other llender and fmaller ones are raffed, 

which 
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"which fel to one another, and are 

* faftenid together at their top by a fmall 
piece of wood. -TFhefe upright boards fup- 
pott in theif middle the axis of the plate, 
and to them the rubbers are fattened. 

The Conductor is of hollow brafs, and 
-from its extremities branches are extended, 
which coming very near the extremity of 
1 the glafs, colleCt the Electricity from it. 

The power of this machine is perhaps 
more than a perfon would judge by look¬ 
ing at it. It may be objected, that this 
conftruCtion wilbnot eafily admit of the 
rubbers being infulated, nor confequently 
be adapted to a great variety of experi¬ 
ments; hut at the fame time it mutt be 
allowed, that' 1 it is very portable, that it h 
not very liable to be out of order, and that 
-it has a power• fufficiently ftrong for feve*. 
ml purpOies; on which account it may be 
^conveniently ufisd. .Thefe machines have 
•Often ' been -riiade With two parallel glafc 
Opiates,'and th'o& of’a ,doniiddrat?le diame- 
f -which plates j- turning -upon- tfaO -fiiufc 
* axis, 

r —• 
c. •< , 
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axis, are rubbed by eight rubbers,—The 
fparks obtained from the conductors of 
thofe machines are ftrong, though not very 
4 long j yet an electrical battery may be 
charged by one of thofe machines very 
quick, fince they accumulate an aftonifhing 
quantity of eledtric fluid. Their principal 
imperfections are, the great number of rub¬ 
bers that the operator mufl keep in proper 
order, the fridtion arifing from them, which 
renders the turning of the machine rather 
, hard, and laftly, the plates being fubjedt to 
crack very eafily. 

The machine reprefented in fig. i. of 
plate I. has all the principal improvements 
hitherto made, except that it is inot qapable 
of admitting different kinds, or more than 
one Eledtric, but which, indeed, it feefns 
not to Hand in need of. The eledtric power 
of fuch a machine, is at lead equal to what 
may be obtained by any other conftrudtipqj 
and at the fame time its lize, being neither 
remarkably large, nor at all inconvenient, 
renders it, j think, the completejl machine 
hitherto contrived, and n»y be made of any 

The 
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The frame of this machine confifts of 
the bottom board ABC, which, when the 
machine is to be ufed, is faftened to the 
table by two iron clamps, one of which 
appears in the figure near C. Upon the 
bottom board are perpendicularly raifed 
two ftrong wooden pillars K L, and A H, 
which fupport the cylinder, and . the wheel. 
From one of. the brafs caps of the cylinder 
F F, an axle of fteel proceeds, which paf- 
fes quite through a hole in the pillar K L, 
and has on this fide of the pillar a pulley I, 
fixed upon its fquare extremity. Upon 
the circumference of this pulley there are 
three or four grooves, in order to fuit the 
variable length of the firing ab, which 
goes round one of them, and. round the 
groove of the wheel D. The other cap of 
the cylinder has a fmall cavity, which fitS 
the conical extremity of a ftrong fcrew, 
that proceeds from the pillar H. The wheel 
P, which i$ moved by the handle E, turns 
round a ftrong axle, proceeding from almoft 
the middle part of the pillar K L. 

* I 

The rubber G of this machine is on each 
fend two or three inches fhorter than the 
M cylinder 
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cylinder (/. e. the cylinder exclufive of the 
necks), and it is made to rub about one- 
tenth part of the cylinder’s circumference, 
or rather lefs; it confifls of a thin quilted 
cufhion of (ilk, fluffed with hair, and fatt¬ 
ened by filk firings upon a piece of wood, 
which is properly adapted to the furface of 
the cylinder. And to the lower extremity 
of the cufhion, or rather of the piece of 
wood to which the cufhion is tied, a piece 
of leather is faflened, which is turned over 
the cufhion, i.e. (lands between it and, the 
fuiface of the cylinder, and to the extre¬ 
mity of which a piece of fiik or oiled filk 
is faflened, which covers almofl all the up¬ 
per part of the cylinder. Upon this leather, 
which reaches from the lower to almofl the 
upper extremity of the cufhion, fome of the 
above def'cribed amalgam is to be worked, 
fo as to be forced as much as poflibie into 
its fiibilance: if rnofaic gold is to be tried, 
then the leather fhould be new, and where¬ 
on no other amalgam has been put. This 
rubber is l'upported by two fprings, fcrevved 
to its back, and from which it may b? ea- 
fily unlcrewed, when occafion requires it. 
The two fprings proceed from the wooden 
- • . ’ - cap 
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cap of a ftxong glafs pillar *, perpendicular 
to the bottom board of the machine. This 
pillar has a fquare wooden balls, that Hides 
in two grooves in the bottom board A B C, 
upon which it is fattened by a fcrew. In 
this manner the glafs pillar may be fattened 
at any required diftance, and in confequence 
the rubber may be made to prefs harder or 
lighter upon the cylinder. The rubber in 
this manner is perfectly infulatedj and, 
when infulation is not .required, a chain 
with a fmall hook may be hanged to it, fo 
as to have a regular communication with 
the piece of leather ; the chain then falling 
upon the table, renders the rubber unin- 
fulated. 

Fig. 2. reprefcnts the prime Conductor 
AB belonging to this machine. This is 

, * This glafs pillar, as well as the glafs feet of infu- 
lating ftools in general, fhould be covered with varnilh, 
or rather with fealing-wax, otherwife they infulate very 
imperfectly, on account of the moifture which they at¬ 
tract from the air, efpecially in damp weather. It mult 
be obferved, that fealing-wax diifolved in fpirits of wine 
may beiifecl very well for this purpofe; but to cover a 
piece of glafc with fealing-wax, by rubbing a {lick of 
furface of the glafs when hot, anfwers far 

better, 

M2 ©f 
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of hollow brafs, and is fupported by two 
glafs pillars varnifhed, that by two brafs 
fockets are fixed in the board CC. This 
Conductor,receives the eledric ftu»id through 
the points of the collector L* which are 
fet at about half an inch diftance from the 
farface of the cylinder of the machine. 

If the handle E, fig. i, of the wheel, be 
turned (and on account of the rubber it 
fhould be turned always in the diredion of 
the letters abc) this machine Handing in 
the fituation that is reprefented in the 
figure, will give pofitive Eledricity, /. e* 
the prime Condudor will be eledrifled po- 
fitively, or overcharged with eledric fluid j 
for by the adion of rubbing, the cylinder 
pumps, as it were, the fluid froro-the rub¬ 
ber, and every other body properly con- 
neded with it, and gives it to the prime 
Condudor. But if a negative Eledricity 
be required, then the chain moll be removed 
from the rubber and hung to the prime 
Condudor ; for in this cafe" the Eledricity 
of the prime Condudor will be communi¬ 
cated to the ground, and the rubber re- 

raaiwng, 
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ftiaining infulated, will appear ftrongly ne¬ 
gative. Another Conductor, equal to the 
Conductor A B, fig. 2, may be connected 
with the infulated rubbed, and then the 
operator may obtain as ttrong negative Elec¬ 
tricity from this* as he can pofitive from the 
Conductor A B» 

' I ihall, laftly, give a fhort defcription of 
; the machine lately contrived by Mr. E. 
Nairne, F. R; S. which is principally 
adapted for medical Electricity, and for that 
purpofe it anfwers exceedingly well, as with 
it any degree of efeCtiic power may be ufed 
with the utmoft facility. Fig. 8. of plate II. 
reprefents this machine, the principal parts 
of which are the • glafi). cylinder and the 
two Conductors, all lying parallel. The 
Cylinderj which is generally about 9 inches 
in diameter, is furnifhed with wooden caps, 
and turns in two wooden pieces, which are 
cemented on the tops of two ttrong glafs 
pillars B B. Thefe pillars are made fait into 
the bottom board of the machine, which is 
fattened to the table-by means of a clamp. 
On the under part of the bottom board 
grooves are formed, through which the 

M 3 pieces 
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pieces FF Hide, Tfyefe pieces fupport the 
Conductors upon the ftrong glafs pillars,E)D; 
and in order to let the Conductors be placed 
farther or nearer to the glafs cylinder, the 
pieces F F may be moved in or cut,, and may, 
be fteadied., by means of the ferew nuts LL. 
The rubber is fattened to the Conductor Rj 
and it confifts of a fluffed leather cufhion, 
. to the under part of which a piece of filk is 
glued, which being turned over the fqrface 
of the cuihion, viz, bet ween it and the glafs* 
goes over the CylindsS Mduahnofl rea^he* 
the pointed, wires which, are fixed on the 
other Conductor, for the purppfe of coUect- 
ing tire fluid from, the ■Cylinder. ■ 

The Conductors are of tin covered with 
black lacquer, and each contains a coated 
glal s.jar, and. like wile a fm&H coated tube 
or fmall jar, which are Ceen when the caps 
NN are removed. A knob. O is fixed to 
each Conductor, to which a chain (my be 
occafionally fufpended, in -order to have a 
pofitive or negative Electricity. by commur 
nicating one of the Conductors with the 
earth. . 

The 
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The longeft part of the winch C, by 
which the Cylinder is turned, is of glafs. 

Thus it appears that every part of. this . 
machine is infulated, viz. not only the Con¬ 
ductors with the rubber, but even the glafs 
Cylinder and its caps; by which means the 
eleCtric fluid that is accumulated on the 
Cylinder is leaft likely to be diflipated; 
which, joined to’the excellent workmanship 
and execution of every part, renders this 
machine very powerful j and I muft confefj, 
that I never law an electrical machine, upon 
any other principle, have fo much power as 
one of this conftruCtion, and of equal di- 
meofions. , 

. To this machine Mr.NAiRNE has adapt¬ 
ed fome flexible conducting joints, a dif- 
charging electrometer, and feveral other in- 
ilruments neceflary to anlwer every purpofe 
of medical Electricity; efpecially the very 
fmall Ihocks may be adminiltered, by means 
of the jars inferted into the Conductors, 
with great facility, and almoft to an im¬ 
perceptible degree. For farther particulars 
M 4 refpeCting 
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refpeCting the conftrudtion and ufe of this 
excellent machine, and its appatatus,Imuft 
refer the reader to Mr. Nairne’s own de- 
fcription. s : ' V 

i ;i- . .1,'. : . 

: /.* • ' f ' * 

> ff' " *r— ■ -—. . .— - -— 


C H A P. III. 

The -particular Defcription of ftps other ne- 
' cejfary Parts-of the eledfrical Apparatus . * * 

F IG. 4 reprefents a ftand fup porting 
the ele&rometers D D C C. B is 
the bafis of it, made of common wood. A 
is a pillar of wax, glafs, or baked wood. 
To the top of the pillar, if it be of wax or 
glafs, a circular pieie of wood is fixed ; but 
• if the pillar be of baked wood, that may 
eonftitute the whole. From this circular 
piece of wood proceed four arms of glafs* 
or baked* wood, fufpending at their ends 
-four electrometers, two of which, D D, are 
filk threads about eight inches long, fufi* 
pending each a fmall downy feather at its 

• end. 
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fend. The other two electrometers, G C, 
are thofe with very fmall balls of cork, or 
of the pith of elder j and they are con¬ 
tracted in the following manner :—a b is a 
Hick of glafs about iix inches; long, cower¬ 
ed with fealing-wax, and lhaped at top in 
a ring: from die lower extremity of this 
tick of glafs proceed two fine linen threads f 
€ c, about five inches long, eaph fufp ending 
a cork or pith-ball d, about one--eighth of 

an inch in diameter. When this eleCtro- 

\ 

^rietef is not electrified, the threads cic hang 
parallel -to each other, and the cOrk-balls 
4we in cqntaCt j but when electrified, they 
repel ope another,’ as reprefented in the 
figure. The glafs dick ab forwes for an 
infulatmg handle, by which the electrome¬ 
ter may be fupported, when it is ufed with¬ 
out the iland A B. 

t.. ' ; 

** « 

i. Another ipecies of the above electrome¬ 
ter 'is reprefented in fig. 3 ; which confids 
of a linen thread, having at each end a 
fmall cork-ball. The electrometer is fuf- 
pended by the middle of the thread on any 

* Tbcfc threads (hould be wetted in a weak foludon 
cf (ait. 

Conductor 
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Conductor proper forthe purpofe, .and 
feryes to fhe\y the* kind and quantity of its 

Eledtrkity- '• • t. ■" i 

; ' » 
Fig. 7 reprefents Mr. Henly’s qua? 
drant electrometer, fi^ed upon a fmail fland* 
frOm .which.it may he oceafionaKy feparafr 
ed, and 1 fixed, upon the prime Conductor, or 
in any other place, at pleafuje. • This elea. 
trometer.confifis of a perpendicular Item, 
formed at the .top like a ball, and furaifhed 
at it’s lower end with a: brafs. ferrule,, by 
which it may be fixed in one of the holes 
the prime Conductor, or in its proper hand, 
as. occafion requires. To the upperlpart 
of the Item, or pillar, a graduated ivory 
iemicircle is fixed, , about tile middle , of 
which is :a hrafs arm; which; con tains a:.pin, 
or the fmall axis of the index. The index 
confifts of a very flender flick, which 
reaches .from the center of the graduated 
femicirdc to the .brafs ferrule, and at its 
lower extremity is fattened a fmall cork- 
ball, nicely turned in a lathe. Fr. Becca- 
ri a recommends to ificlofe the upper part 
of the index of this electrometer between 
two femicircles. 
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The propereft wood, for the purpofe of 
making a pillar and index of this electro¬ 
meter, is box, and this pillar and index 
Ihould be well rounded, and made as 
fmooth as > poffible. : When this electro¬ 
meter is not electrified, the index hangs 
parallel-to the pillar, as in. fig. 7; but when 
it is electrified, the index recedes mbre or 
lefsr, according to the quantity of EieCtricity, 
from th,e Item j as, : repreiented at;E on the 
prime Conductor, fig. ;; 

• The main of Mr. La ns’s difcharging 
Electrometer, confifis in.^ brafs ball rab&ut 
one inch and a half in diameter, fere wed; to 
a brafs graduated rod, and adapted to a pro¬ 
per, frame, fo-that it may be let at any re¬ 
quired distance from the prime Conductor, 
or the knob of an eleCtric jar. The prin¬ 
cipal ufe of this electrometer is tp let a jar 
difcharge .by itfelf through any proper cir¬ 
cuit, without ufing any difcharging rod, or 
removing any part of the, apparatus j and to 
give fhocks. nearly of the fame ftrengthu^ 
Suppofe, for inftance, that the above-men,* 
tioned brafs hall be fet at half an inch dif- 
fance from the prime Conductor, and that a 

coated 
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CDated jar be fituated To as fbtduch the 
prime Conductor with its knob* and to have 
itr outfide coating communicating with 'the 
above-mentioned brafs ball. Now it is evi- 
•defit that the circuit, from the outfide to the 
i^hde of the jar* is-interrupted only between 
the prime Conductor and the' brafs ball, 
Which lie half ^an inch afunderj therefore 
-When the-jar is- charging, and'the charge it 
bbdome fo high-as- to ftrike through half an 
inch of air, the jar Will difcharge itfelf,Sfid> 
by keeping the brafs ball at the fame diftance 
^fOQTi the prime Conductor, and charging 
thejarfuCceffively/the ihock&WiU be of die 
ftrehgth, - » -■ : . ' 

ThiSeiedfeOHieter ifefubjeftto aii inconve* 
ffifence j whichiisj that the furface of the brafs 
ball is fometimes deprived of its fmootbnefs 
by the force of theexplofionj in which cafe 
•it is heceflary to polilh it again, otherwife 
thiiflftrament is ufelefs ; this, however, 
Sever happens when final! fhocks are ufed. 
. Att.eledtrometer of this kind, though not ex* 
•k&ly 4ika the original one, is now commonly 
fifed byfhe practitioners of medical eledtrf* 
Jtity,. and is delineated.in fig. 6, of Plate Ih 

It 
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Jt confiifcs of a glafs arm D, which proceed 
from the wire of the jar F, and to the extre¬ 
mity E -of which a fpring focket is cemented, 
through which a wire paffes, which is fur™ 
nUhed with a knob B, towards the knob A 
of the jgr, and with an open ring C at its 
other extremity. Now, as this wire may be 
Aid backwards and’ forwards, the knob Bf 
may be put at any required diftance from, 
the knob A, as far as the conftrudtjon of the 
inftrument will allow. The wire BC is 
generally marked with divifions, which 
Jhew the diftance of the two knobs, when 
the wire is fo fituated, as that the required 
divifipn coincides with the edge of the fpring 
focket j as, for inftanpe, pne*tenth, or one 
quarter of an inch, &c f When the jar F 
is fet againft the prime Conductor G, as re* 
prefented in the figure, fuppofe that the ball 
B is fet at the diftance of A of an inch from 
the ball A, and that a wire be fixed front 
the electrometer's ring to the outfide coat¬ 
ing of the jar, as fliewn by the dotted lino 
CK; then, when the machine is put in 
motion, the djfcharge of the jar, as (bon as 
this becomes fuificiently charged, will be 
roade-.between the hnobs A.B, and though 

... ih» 
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the wire CK j and it is evident that thefo 
difcharges will be of the iame Arength, a9 
long as the diftance between AB remains 
the fame. 

Fig. 5 of Plate I. reprefents Mr. Hen- 
ly’s univerfal difcharger, which is of a very 
extenfive ufe, and is compofed of the follow¬ 
ing parts:—A is a flat board fifteen inches 
long, four inches broad, and one thick, or 
thereabouts, which forms the bafis of the 
inftrument. BB are two glafs pillars, ce¬ 
mented in two holes upon the board A, and 
furnifliedat their top with brafs caps, each 
of which has a turning joint, and fupports 
a fpring tube, through which the wire DC 
Aides: each of thefe caps is compofed of 
three pieces of brafs, connefted fo, that the 
wire DC, befides its Aiding through the 
focket, has two other motions, viz. an ho¬ 
rizontal and a vertical one. Each of the 
wires DC, DC, is furniflied with an open 
ring at one end, and at the other end has a 
brafs ball D, which, by a Aiort fpring fock¬ 
et, is Aipt upon its pointed extremity, and 
may be removed from it at pleafure.' E is 
a ftrorig circular piece : of wood, five inches 

in 
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in diameter, having, on its furface, a flip of 
ivory inlaid, and furnilhed with a ftrong 
■ cylindrical foot, which fits the cavity of the 
focket F, which is fattened in the middle of 
the bottom board, and has a fcrew G, which 
ierves to fallen the foot of the circular board 
E at any required height. H is a fmali 
prefs belonging to this inftrument j it con- 
fitts of two oblong pieces of board, which 
may be prefled againll each other by means 
of two fcrews a a : the lower of thefe boards 
has a cylindrical foot equal to the foot of 
the circular board E. When this prefs is 
tb be uled, it is fixed into the focket F, in 
the place of the circular board E, which 
mull, in that cafe* be removed. 

Fig. ii is an eledtri? jar, coated with 
tin-foil on the infide and outfide, within 
three inches of the top of the cylindrical 
part of the glafs, having a wire with a 
round brafs knob A at its extremity. This 
wire pafies through the cork * D, that 
ttops the mouth of the jar, and, at its lower 

* When corks are ufed to flop ele£tric jars, tfyey 
fliould be made very dry, and dipped in melted bees¬ 
wax, or varniftied. 

end. 
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end, is bent fo as to touch the infide coating* 
in feveral places. 

tig. 10 reprefents a battery cotfpofed 
6 f fixteen jars, coated in the infide and out- 
fide with tin-foil, wliich all together con¬ 
tain about twelve feet of coated glafs; 
About the middle < 5 f each of thefe jars is a 
cork that fuftains a wire, which at the top 
is fattened round, or fojdered to the wire E, 
knobbed at each end, which connects the 
infide coatings of four jars; and by the 
wires FFF the infide coatings of all the 
fixteen jars are connected together. . Each 
of the wires F has a ring at one end, 
through which one of the wires E pafles, 
and at the other end has a brafs knob. If 
the whole force of the battery be hot requir¬ 
ed, one, two, or three rows of jafs may be 
ufed at pleafure j for as each of the wires 
FFF is moveable round the wire ft, which 
paflfes through its ring, and refts upon the 
next wire E, it may be eafily removed from 
that, and turned upon the contrary wire E ; 
and thus the communication between olid 
row of jars and another may be difcohtiniie 4 
at pleafure^ See the figure. 

i The 
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The fquare box that contains thefe jars 
is of wood lined at the bottom with fhect- 
lead or tin-foil, and has two handles oh two 
oppofite fides, by which it may be eafily 
removed. In one fide of the box is a hole, 
through .which an iron hook B palfes, 
which communicates with the metallic 
lining of the box, and consequently with 
the ouifide coating of all the jars. To this 
hook is faftened a wire, the other end of 
which is connected with the difcharging- 
rod. 

The difcharging-rod confifts of a glafs 
handle A, and two curved wires B3, which 
move by a joint C, fixed to the brafs cap of 
the glafs handle A. The wires BB are 
pointed, and the points enter the knobs 
DD, to which they are fere wed, and may 
be unferewed from them at plta.ure. By 
this conftru&ion we have the opportunity 
of ufing the balls or the points, as occafion 
requires j and as the wires are moveabie by 
the joint C, theyjnay be adapted to fmaller 
or larger jars at pleafure. 

N The 
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The battery, reprefented in the plate, is 
a fmall one in companion to thofe flow fre-' 
quently ufed, and much too weak for the 
purpofe of fome experiments, hereafjter to 
be defcribed. But I thought it fufficient 
to give an idea of its conftrudtion 3 and, 
when a large battery is to be conftru&ed, 
J would recommend rather to make two, 
three, or more fmall ones, as reprefented in 
the plate, than a lingle large battery, which 
js heavy, and, on feveral accounts, incon¬ 
venient. The force of feveral fmall bat¬ 
teries may be eafily united by a wire or a 
chain, and thus they may be made to ad 
like a large one. 

F in fig. 2. is a circular brafs plate hung 
on the prime Conductor by a chain, and 
retting in an horizontal pofition. Under¬ 
neath this, there is another plate P parallel, 
and equal to the former (but it would be 
better if it were a little larger), which is fup- 
ported by a ftancl H of brafs, having alfo a 
focket to receive the foot of the plate, and 
a fcrew G to fix it at different heights. 

Din 
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D in fig. 2. is a fly made of fmall brafs 
wires, fixed in a cap of brafs alfo $ which is 
to be put upon the pointed wire K, that is 
(brewed to the prime conductor, upon 
which it muft'lland in equilibrio, like the 
needle of a compafs. The other ends a, 
c, d of the wires are pointed, and bent all 
one way. 

N. B. Whenever hereafter I mention the . 
jprime Conductor, I mean the prime Con¬ 
ductor naked, that is, without the parallel 
brafs plates FP, without the fly D and its 
fupporting pin K, without the electrome¬ 
ters E, and even without the knobbed rod 
IB, which is fcrewed to it occafionally j 
except the contrary is exprefled. 

It is highly requisite for an Electrician 
to have by him feveral infulating (tools, or 
(lands j they being very neceflary for feveral 
experiments. The bed materials to con- 
llruCt thefe are glafs covered with fealing- 
wax. Baked wood may alfo be ufed*. A 

large 

♦ The wood fhould be baked very well, even till it 
fcecome? quits brown, it then being in the beft ftate for 
N £ ijifulation \ 
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large ftool, proper to infulate a chair upon, 
or two or three perfons {landing, may be 
made with a ftrong board, about two felet 
and a half fquare, and may be fupported by 
four feet of glafs, about eight inches long. 
But fmall {lands are better made with one 
foot or pillar, and all of baked wood or glafs, 
without any conducting fubftance in their 
conftruClion. Wine-glades, either varnifh- 
ed, or in part covered with fealing-wax, 
anfwer this purpofe very well. 

infulation; and to defend it frommoifture, it.muftbe 
varnilhed as foon as it comes out of the oven, or elfe 
boiled in linfeed oil; but in this cafe, after boiling, it 
ihould be made hot again, and then it is fit for ufe. 
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CHAP. IV. 

Practical Rules concerning the TJfe of the elec¬ 
trical Apparatus , and the performing of 
Experiments. 

I T often happens that young Eledricians 
are at a lofs to affign the reafon, why 
fome experiments do not fucceed with them, 
as defcribed in the Treatifes on Eledricity. 
Sometimes they are in pofleffion of very 
good inftruments, but, by reafon of fome 
circumftance or other unattended to, they 
are quite ufelefs in their hands. This in¬ 
deed can be remedied by nothing but prac¬ 
tice, and it is by long ufe, that the Elec¬ 
trician, as well as the Praditioner in any 
art or fcience, becomes fo good an Opera¬ 
tor, as to ufe his inftruments to the beft 
advantage. A few rules are however very 
neceflary, to guide him in his operations ; 
and although thele alone are infufticient to 1 
make a perfon a complete pradical Eledri- 
cian, yet, when- accompanied with the ac¬ 
tual management of the apparatus, they fa- 
N 3 
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cilitate the ufe of it, and render the per* 
formance Of the experiments more accurate 
and expeditious. ' 

't’he firft thing that the young Electri¬ 
cian fhould obferve, is, the prefervatibn, 
and care, of his inftruments. The electri¬ 
cal machine, the coated jars, and in fhort 
every part of the eleCtrical apparatus, fhould 
be kept clean, and as free as poflible from 
dull, and moifture. 

When 'the Weather is clear* and the air 
dry, efpecially in ferene and frofty weather, 
the eleCtrical machine will always work 
well.; But when the weather is very hot, 
the eleCtrical machine is not fo powerful; 
nor in damp weather, except it be brought 
into a warm room j and the cylinder, the 
ftands, the jars, &c. be made thoroughly 
dry. 

Before the machine be ufed, the cylinder 
fhould be firft wiped very clean with a foft 
linen cloth, that is dry, clean, and warm 5 
and afterwards with a clean hot flannel, or 
an old filk handkerchief j this done, if the 
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winch be turned, when the prime Con¬ 
ductor, and other inftruments, are removed 
from the eledtrical machine, and the knuckle 
,' be held at a little diftance from the fur- 
face of the cylinder, it will be foon per¬ 
ceived that the eledtric fluid comes like a 
wind from the cylinder to the knuckle, and, 
if the motion be a little continued, fparks, 
and crackling will foon follow. This in¬ 
dicates that the machine is in good order, 
and the Eledtrician may proceed to perform 
his experiments. But if, when the winch 
is' turned for fome time, no wind be felt 
upon the knuckle, then the fault is, very 
likely, in the rubber ; and to remedy that, 
ufe the following directions:—By unfcrew- 
ing the fcrews on the back of the rubber, 
remove it from its glafs pillar, and keep it 
a little .near the fire, fo that its filk part 
may be dried; take now a dry piece of 
mutton-fuet, or a little tallow from a can¬ 
dle, and juft pafs it over the leather of the 
rubber, then fpread a fmall quantity of the 
above-defcribed amalgam over it, and force 
it as much as poflible into the leather. 
This done, replace the rubber upon the 
glafs pillar; let the glafs cylinder be wiped 
N 4 . once 
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©nee more, and then the machine is fit for 
uie. ' In Mr. Nairn p’s machine no amal¬ 
gam is put upon the rubber; butwfiilft the 
deap rubber is on, and the Cylinder turning, 
a piece of leather with fome amalgam fpread 
on it is applied for a few feconds to the un¬ 
der part of the cylinder, the doing of which 
will bring a jfuffieient quantity of amalgam 
to the rubber. 

Sometimes the machine will not work 
well, becaule the rubber is not fufficiently 
fupplied with eleCtric fluid ; which happens 
W'hen the table upon which the machine 
Hands, and to which the chain of the rub¬ 
ber is conne&ed, is very dry, and confe- 
quendy in a bad conducting ftate. Even 
the tlcor and the walls of the room are, in 
very dry weather, bad ConduCtors,and they 
cannot ft p ly the rubber fufficiently. In 
th ; s cafe, tbe belt expedient is, to conneCt 
the chain of the rubber, by means of a long 
wire, with feme moift ground, a piece of 
water, or with the iron-work of the water 
pump > by which means the rubber will be 
fupplied with as much eleCtric fluid as is 
Required, 

It 
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It muft be alfo remarked, that when the 
cylinder is very hot, as above 11 o°, it will 
not adt well. 

When a fufficient quantity of amalgam 

has been accumulated upon the leather of 

▲ 

the rubber, and the machine does not work 
very well, then, inftead of putting more 
amalgam, it will be fufficient to take the 
rubber off, and to i'crape a little, that which 
is already upon the leather. 

/ 

It will be often obferved, that the cylin¬ 
der, after being ufed fome time, contradts 
feme black fpots, occafioned by the amal¬ 
gam, or fome foulnefs of the rubber, which 
grow continually larger, and greatly obftrudfc 
its eledtric power. Thefe fpots muft be 
carefully taken off, and the cylinder muft be 
frequently wiped, in order to prevent its 
contradiing them. 

In charging eledtric jars in general, it 
muft be obferved, that not every machine 
will charge them equally high. That ma¬ 
chine, whofe eledtric power is the ftrongeft, 
will always charge the jars higheft. If 

the 
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the coated jars, before they are ufed, be 
made a little warm, they will receive, and 
hold the charge the better. 

If- feveral jars are connected together, 
among which there is one, that is apt to 
difcharge itfelf very foon, then the other 
jars will alfo foon be difcharged with that ; 
although they, may be capably of holding 
a very great charge by themfelves. When 
eleCtric jars are to be difcharged, the Elec¬ 
trician muft be cautious left, by fome cir- 
cumftance not adverted to, the fhock fhould 
pafs through any part of his body; for an un¬ 
expected fliock, even when not very, ftrong, 
may occafion feveral difagreeable accidents. 
In making the difcharge, care muft be taken 
that the difcharging-rod be not placed on 
the thinneft part of the glafs, for that may 
caufe the burfting of the jar. . 

When large batteries are difcharged, jars 
will be often found broken in it, which 
burft at the time of the difcharge. To re¬ 
medy this inconvenience, Mr. Nairne fays 
he has found a very effectual method; which 
is, never to difcharge the battery through a 
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good Conductor, except the circuit be at 
lead: five feet long. Mr.-NAiRNE adds, that 
ever fince he made u(e of this precaution, he 
has difchargea a very large battery near a 
hundred times, without ever breaking a fin- 
gle jar, whereas before he was continually 
breaking them. But here it muft be con- 
fidered, that the length of the circuit weak- 
. ens the force of the fhock proportionably ; 
the higheft degree of which is in many ex¬ 
periments required. 

When a coated phial is cracked, either 
by a fpontaneous difcharge, or by any 
other accident, I remove the outfide coat¬ 
ing from the fradtured part, and then make. 
it moderately hot by holding it to the flame 
of a candle, and whilft it remains hot, I ap* 
pjy burning fealing-wax to the part, fo as 
to cover the fradture entirely: taking care 
that the thicknefs of the wax is rather more 
than the thicknefs of the glafs. Laftly, I 
cover all the fealing-wax, and alfo part of 
the furface of the glafs beyond it, with a 
compofition made with four parts of bees¬ 
wax, one of rofin, one of turpentine, and a 
Very little oil of olives; which compofi¬ 
tion 
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tion I fpread upon a piece of oiled filk, 
and apply it in the manner of a plaifter. 
With this method I have repaired feveral 
broken phials fo effectually, that after being 
frequently charged, they were at laft broken 
by a fpontaneous difcharge, but in a dif¬ 
ferent part of the glafs ■*. 

It is advifeable, when a jar, and efpecially 
a battery,dias been difcharged, not to touch 
its wires with the hand, befoi'e the dis¬ 
charging - rod be applied to its lides a fecond, 
and even a third time ; as there generally 
remains a refiduum of the charge which 
is fometimes very confiderable. 


* Here it is proper to remark, that when jars, or 
glafs in general, that is eoated for the purpofe of 
charging and difcharging, is in any manner covered 
with cement or fealing-wax, it breaks more eafily by 
a fpontaneous difcharge; and it is very remarkable, 
that the fraCture generally lies on the limits of the 
cement, 

7 f This refiduum is in great meafure occafioned by 
the Electricity, that, when the jar is charging, fpreads 
itfelf over the uncoated part of the glafs near the coat¬ 
ing, which will not be difcharged at firft, but gradually 
returns to the coating after the firft difcharge. 


When 
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When any experiment is to be performed, 
which requires but a fmall part of the ap¬ 
paratus, the remaining part of it fhould be 
placed at a diftance from the machine, the 
prime Conductor, and even from the table, 
if that be not very large. Candles, par¬ 
ticularly, fhould be placed at a confiderable 
diftance from the prime Conductor, for the 
effluvia of their flames carry off much of the 
electric fluid. 

Laftly, the young Electrician fhould be 
cautioned not to depend on firft appearances 
in EleCtricity. A new phenomenon may 
juftly excite his curiofity: it is laudable to 
remark it, and to purfue the hint j but at 
the fame time even the doubtful affertion of 
a new faCt fhould never be made, till after 
a number of flmilar and concurring experi¬ 
ments. Electricity is a fcience that often 
deceives the fenfes,and the moft experienced 
EleCtrician frequently finds himfelf mif- 
taken in things, which perhaps he may have 
before confidered as the moft certain. 
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CHAP. V. 

Experiments concerning eleCtric Attraction 
and Repulfion, 


Experiment I. 

*T be electrified Cork^ball Electrometer. 

W HEN the eleCtrical machine is put 
in order, and the prime Condu&or 
is fet fo, that the points of the collector are 
about half an inch from the furface of the 
cylinder, fix at the end of the prime Con¬ 
ductor the knbbbed rod IB fig, 2. and hang 
on it the electrometer with the cork-balls 
fig. 3. The balls will now touch one ano- 
ther, the threads hanging perpendicularly, 
and parallel to each other. But if the cy¬ 
linder of the machine be whirled by turning 
the winch E, then the cork balls will repel 
one another, and more or lefs, according 
as the EleCtricity is more or lefs power¬ 
ful. 
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In this experiment, the glafs cylinder ex-* 
trailing the eleCtric fluid from the rubber, 
throws it upon the pointed wires of the coU 
leCtor, and in coniequence upon the prime 
Conductor, and the electrometer; which are 
all connected together: and as bodies over¬ 
charged with eleCtric fluid will always re¬ 
pel each other, fo the cork-balls muft repel 
each other. 

. If the electrometer be hung to a prime 
Conductor negatively electrified, i. e. con¬ 
nected with the infulated rubber of the ma¬ 
chine, the cork-balls will alfo repel each 
other ; for bodies, undercharged, will re¬ 
pel each other, as well as bodies over¬ 
charged with eleCtric fluid. 

If, in this ftate of repulfion, the prime 
Conductor be tbuched with fome conduct¬ 
ing fubftance not infulated, the cork-balls 
will immediately come together j for the 
eleCtric fluid fuperinduced upon the prime 
Conductor, and the electrometer communir 
eating with it, will be carried away to the 
ground'by that conducting body; fo that in 
this cafe the prime Conductor can never be 

over* 
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overcharged: nor can it be undercharged, 
ifconnected with the rubber? for its defi¬ 
ciency of fluid is fupplied through that con¬ 
ducting body, with which it has been 
touched. But if, inftead of the conducing 
fubftance, the prime Conductor be touched 
with an eleCtric, as for inflance a flick of 
fealing-wax, a piece of glafs, &c. then the 
cork-balls will continue to repel each other? 
becaufe the electric fluid cannot be con¬ 
ducted through that eleCtric: hence we 
have an eafy method of determining what 
bodies are Conductors, and what eleCtrics *. 

This eleCtrical repulfion is alfo flbewo 
by the quadrant electrometer, with a large 
downy feather, or the like? for if thefe be 
connected with the prime Conductor, and 
.the winch be turned, the electrometer will 
raife its index, and the feather, by the di¬ 
vergency of its down, will appear fwelled 
in a beautiful manner. 

* This method in grofs will do very well; but ,whcn 
the conducing power of fluids or fome other bodies, 
and the degree of that power, is to be afcertained, then 
recourfe mult be had to other means, more nice and 
accurate. 

» E X PE- 
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Experiment II. 

I 

AttraStion and Repuljion of light Bodies . 

Connect with the prime Conductor the 
two parallel brafs plates F, P, as reprefented 
in fig. 2. at about three inches diftance from 
one another,' and upon the lower plate put 
any kind of light bodies, as bran, bits of 
paper, bits of leaf-gold, &c.; then work the 
machine, and the light bodies will foon 
move between the two plates, leaping al¬ 
ternately from one to t the other with great 
velocity. If, inftead of bran, or irregular 
pieces of other matter, fmall figures of men 
or other things cut in paper, and painted, 
be put upon the plate, they will generally 
move in an eredt pofition, but will fome- 
times leap one upop another, or exhibit dif¬ 
ferent poftures, fo as to afford a pleafing 
fpedtacle to an obferving company. 

In this experiment, both the attraction 
and repulfion of Electricity are obferved at 
the fame time : for when the upper plate 

O F, which 
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F, which communicates with the prime 
Conductor, is electrified, the fmall bodies 
placed upon the lower plate, together with 
that plate, by being within the fphere of 
aftion of the electrified upper plate, become 
actually poflefled of the contrary Electricity, 
leaving their proper quantity of fluid in the 
lower plate, or the other conducting bodies, 
that communicate with it. But bodies dif¬ 
ferently eleCtrified attraCt each other; there¬ 
fore the plate F attracts thofe light bodies. 
Now, as fbon as tKefe bodies touch the 
plate F, they become inftantly poflefled of 
the fame EleCtricity with the plate, and will 
therefore be immediately repelled to, the 
lower plate, which is actually eleCtrified 
‘ with the contrary EleCtricity, and by touch¬ 
ing the light bodies, aflifts in repelling them 
again to the upper plate; and thus the 
plates continue to aCt upon the light bodies 
alternately. 

That the light bodies cannot be attracted 
by the upper plate, except they become firfl: 
poflefled of a contrary EleCtricity, may be 
cbierved as follows:—Put'the ii rid light bd- 
dies upon a clean, and'dry' pane of glafs; 

I ■ then 


Digitized by Google 


■ «»'Electricity. 195 

-.then-take off the brafs plate P, with its 
Hand G, and in its ftead put the pane of 
glafs, holding it by one corner 3 this done, 
let the wheel of the machine be turned, 
and you will fee that the light bodies are 
hot attradted by the brafs plate F ; for in 
this cafe they have no opportunity of part¬ 
ing with their proper quantity of 'fluid, and 
confequently cannot acquire the contrary 
Eledtricity. But if to the under fide of the 
pane of glafs, on which the light bodies are 
placed, a finger or any other Condudtor be 
prefented, the light bodies will be inftantly 
attradted by the plate F, and will leap be¬ 
tween the glafs and plate, in the fame man¬ 
ner as between the two plates 3 for tUefe 
bodies now depofit their fluid upon the up- ' 
per furface of the glafs plate, whilft the 
under furface depofits its fluid upon the 
finger, or other Condudtor, that has been 
brought near it *. If this experiment be 

* If the above experiment be macle with a prime 
- Condudtor negatively electrified, the effedt will be the 
fame, only the Eledlricities of the plates are reverfed j 
« /. e. the upper plate is -electrified negatively, and the 
under plate, by being in the atmofphere of the upper one, 
is pofitively eledtrified. 

• O 2 continued. 


Digitized by Google 



196 A Complete Treatise 
continued, the gkfs will foon he charg¬ 
ed *. 

r 

Experiment Ilf. 

’The Flying-feathery or Shuttle-cock , 

The phenomena of eleCtric attraction and 
repulfion may be reprefented alfo with a 
glafs tube, or a charged bottle, and fome of 
them in a manner more fatisfaCtory than 
with the machine. 

Take a glafs tube (whether fmooth, or 
rough, is not material), and after having 
rubbed it, let a fmall light feather be let 
4 »ut of your fingers at the difiance of about 
eight or nine inches from it. This feather 
will be immediately attracted by the tube, 
and will flick very clofe to its fur face for' 
a few leconds, and fometimes longer; after 
which time it will be repelled, and if 
the tube btf kept under it, the feather will 
continue floating in the air at a confider- 

- * £le£lric attraction and repulfion takes place alfo 
within a partial vacuum, fuch as is made by means of 
common air-pumps. 

able 
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able distance from the tube, without com¬ 
ing near it again, .except it fir ft touches 
feme conducing fubftanceand if you ma¬ 
nage the tube dexteroufly, you may drive 
the feather through the air of a room at 
your pleafure. 

The reafon of this experiment is obvi¬ 
ous i for when the feather is electrified, it 
cannot approach the tube again, except it 
firft touches fome conducting, body, be- 
caufe it cannot part with its EleCtricity 
when floating in the air, and therefore can¬ 
not acquire a contrary EleCtricity: con- 
fequently it muft remain in a ftate incapa¬ 
ble of being again attracted by the excited 
tube. 

If it be a Iked, Why, when the feather is 
at firft attracted by the tube, it fticks for fo 
confiderable a time to its furface before it is 
repelled j the anfwer is. That the feather 
being an eleCtric, requireth fome time be¬ 
fore it acquires any confiderable quantity of 
EleCtricity, 

There is a remarkable circumftance at¬ 
tending this experiment, which is, that if 
O 3 the 
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the feather be kept at a. diftance from the 
tube by the force of eledtric repulfion, it 
always prefents the fame part towards the 
tube:—You may move the excited tube 
about the feather very fwiftly, and yet the 
fame fide of the feather will always be pre- 
fented to the tube. The reafon of 'this 
phenomenon is, that the equilibrium of the 
eledtric fluid in the parts of the feather, be-> 
ing once difturbed, cannot eafily be re- 
fiored f becaufe the feather is an eledtric, 
or at leaft a very bad Condudfcor. When' 
the feather has acquired: a quantity of Eleo 
tricity from the tube, it is plain, that by* 
the adtion of the excited* tube, tha/t fuper- 
induced Eledtricity will be in the.greateft 
part forced on that fide of the feather 
which happens to be at firft the farthefi 
from the tube; hence that part will always 
afterward be repelled the farthefi:. 

This experiment may be agreeably vari¬ 
ed in the following manner:—A perfbn 
may hold in his hand an excited tube of 
fmooth glafs, and another perfon may hold 
an excited rough glafs tube, a. flick , of 
fealing-wax, or in fhort another eledlric 

negatively 
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negatively electrified, at about one foot and 
a half diftance from the finooth glafs tube: 
a feather now may be let go between thefe 
two differently-excited eleCtrics, and it will 
leap alternately from one eleCtriq to the 
other j and the two perfons will feem to 
drive a Ihuttle-cock from one to the other, 
by the force of electricity. 

Experiment IV. 

The J mall infulated Body. 

. ^Tie a fmall body, as for inftance a lig^it 
piece of cork, to a filk thread about eight r 
inches long, and holding the thread by its , 
end, let the fmall body hang at the dif¬ 
tance of about eight inches from the fide. 
of the prime Conductor electrified. Thi?, 
fmall body, if the electrization ; of the . 
Conductor is. not. ftrong, will not be at- ^ 
traCted ; for, being infulated, it cannot, by 
depofiting its fluid .upon, or receiving it 
from, another body (when the prime Con¬ 
ductor is electrified negatively),' become 
«pntra,rily electrified. But if a finger or 
cpnduCting fub fiance be prefented to 
. . O 4 that 
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that fide of the fmall body which is fartheft 
from the prime Conductor, then the fmall 
body will immediately move toward the 
prime Condudtor; for it has depofited its 
own fluid upon, or acquired fome (in cafe 
the Condudtor is negatively eledtrified) 
from the body prefented to it ; and when 
this body has touched the prime Conduc¬ 
tor, it will be inftantly repelled from it, on 
account of the repulfion exifting between 
bodies pofiefl'ed of the fame kind of Elec-* 
tricity. 

ft 

Indeed, if this infulated body be very 
near to the prime Condudtor, or the prime 
Condudtor ftrongly eledtrified, then the 
fmall body will be attradted without pre- 
fenting to it any condudting fubftance; but 
in this cafe its natural quantity ofelcdtric 
fluid will be either repelled into the con¬ 
tiguous air, or crowded on that part of the 
body which is fartheft from, the prime 
Condudtor, when the Condudtor is eledtrified 
pofitively j but if it be eledtrified negatively % 
then the additional quantity of fluid, ne- 
ccflary to render the fmall body over¬ 
charged, will be acquired from the air, or 

the 
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the natural fluid belonging to that body 
will be all crowded on that fide of it, which 
is neareft to the prime Conductor. 

If this fmall body, inftead of the filk, be 
fufpendedby a linen thread, it will be at-' 
traced at a much greater diftance, than in 1 
the other cafe; for now the electric fluid 
will be eafily conducted by the thread, 
paifing upwards, or downwards, according 
as the prime Conductor is electrified; viz, 
pegatively or pofitively. 

Experiment V, 

5 The eleSlric Well, 

Place upon an eleCtric ftool a metal quart 
mug, or fome other conducting body nearly 
of the fame form and dimenfion ; then tie 
a flhort cork-ball electrometer, of the kind 
reprefented fig. 3 *, at the end of a filk 
thread proceeding from the cieling of the 
rpom, or from any other proper fupport, 

* Inftead of the eleftrometer, there may be ufed any 
other kind of- fmall conducting body; but that feemi 
^>eft adapted to fuch experiments* 

fo 
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fo, that the electrometer may be fufpended' • 
within the mug, a#d no part, of it may be • 
above the mouth this, done, eleCtrify the • 
mug, by giving it a fpark with an excited 
eleCtric or; ©therwifd, and-you. will lee that 
the eledtrometer, whilfi it remains in that 
infulated fituation, even if it be made 
to touch the fides of the ipug, is not at-■ 
traded by it, nor does it acquire any Elec¬ 
tricity i but. if, whilfi it Hands fufpended 
within the mug,; a Conductor, Handing 
out of the mug, be made to communicate 
with, or only preferred to it, then the 
electrometer acquires,an- EleCtricity contra¬ 
ry to that of the mug, and a quantity of 
it, which is proportionable to the body 
with which it has been made to communis 
cate } and it is then immediately attracted 
by the. mug. 

. Tfee-.reafon why in this experiment the 
electrometer contracts no EleCtricity whilfi; 
fufpended intirely : within the cavity of the 
njug, is, be.caufe the EleCtricity of the mug: 
aCts upon the electrometer on all fides, and 
this has no opportunity of parting with its 
fluid, when the mug is electrified pofitiv.elyjo 

nor 


Digitized by Google 



on Electricity* 30$ 

nor pf receiving any, when the mug is 
electrified negatively. But, as foon as any. 
Conductor communicates with it, the elec¬ 
trometer becomes immediately poflefled of 
the EleCtricity contrary to that of the mug} 
for if the mug be electrified pofitively, the , 
fluid belonging to the electrometer will be 
repelled to that body, which communicates ' 
with it} and which, being out of the mug, 
cannot be affeCted by its EleCtricity; and 
if the mug be electrified negatively, it will 
attract the fluid of the electrometer, which 
actually receives an additional quantity of 
it from that conducting body, with which 
it communicates. The electrometer there¬ 
fore, becoming always polTefled of a con¬ 
trary EleCtricity, muft neceflarily be at¬ 
tracted; 

. If, by railing the filk thread a little,; part 
of the electrometer, i. e. of its linen threads* 
be lifted juft above the mouth of the mug, 
the balls will be immediately attracted} for 
then, by the aCtion of the EleCtricity of the 
mug, it will acquire a contrary EleCtricity 
by giving to, or receiving the eleCtric fluid 
from, the air above the cavity of the mug. 

■ It 
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It has been fuppofed by fome, that the 
electrometer in the above experiment (or 
any other fmall infulated body), hanging in 
the cavity of an electrified veflel, or the 
like, is not attracted by the fides of the 
veflel, becaufe the attraction of EleCtriCity, 
being as the fquares of the diftances in- 
verfely, cannot afleCt the electrometer one 
way more than another; it being demon¬ 
strable, that, if to every point of a fpherical 
concave furface, equal centripetal forces are 
directed, decreafing as the fquares of the 
diftances from thefe points, a fmall body 
Situated any where within that furface, 
would remain there, without being attracted 
one way more than another 

But to this it may be replied, that the 
demonstration of the above-mentioned pro¬ 
portion, if it is applicable to fpherical, or 
cylindrical concave furfaces, cannot, how¬ 
ever, be applied to every kind of irregular 
cavities, with which (if they exceed not a 
certain Size) the above experiment fucceeds 
as Well, as With the cylindrical cavity of 
the mug. 

* Newton’s Frincipia, book I. prop. LXX. 

I» 
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In Ihort, in this experiment, when the 
mug is eledtrified pofitively, it is fuppofed, 
I. That the fuperinduced fluid, taking its 
place upon the external furface, occalions 
the contiguous air to depolit its fluid upon 
a fubfequent quantity of air, and this over¬ 
charged air occafions a contiguous circle, 
or quantity of air, to depolit its fluid upon 
its fubfequent or next adjacent circle, and 
fo on. II. That none of the fuperinduced 
fluid can exift upon the internal furface of 
the mug, and therefore infulated bodies, 
ihtirely fufpended therein, can acquire no 
Electricity, becaufe the internal air has no 
opportunity of parting with its own fluid, 
except a finall quantity about the mouth of 
the mug, where, accordingly, a little Elec¬ 
tricity is obfervable. When the mug is 
electrified negatively, then it is fuppofed, 
I. That the deficiency of fluid in the mug 
is only on its external furface; for the air, 
contiguous to this furface, by acquiring 
an additional quantity of eledtric fluid from 
the next ftratum of air^ may become elec¬ 
trified pofitively. II. That the internal 
furface of the mug is not undercharged, 
becaufe its contiguous air, being furrounded 

by 
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by the mug, cannot become overcharged, 
by acquiring an additional quantity of fluid, 
except a fmall quantity towards the mouth 
of the mug, where, accordingly, a little 
Electricity is obfervable. 

Experiment VI; 

To dijlinguijh the Quality of EleCtricity in 
electrified Bodies. 

Before we proceed further, it is necef- 
fary that we fliould defcribe fome practical 
method of diftingufhing the quality of the 
EleCtridty in an electrified body, which 
is abfolutely neceffary for the right per¬ 
formance of the enfuing experiments. To 
do this, different methods may be followed, 
which however are all founded, either upon 
the eleCtric attraction, and repulfion, or 
upon the different appearances of the elec¬ 
tric light. To find out the quality of 
EleCtricity by the different appearances of 
its light, is a very convenient, and fure 
method; but the phenomena of attraction 
and repulfion, afford one much more gene¬ 
ral, and eafy; for fometimes the quantity 
of EleCtricity to be obferved is fo very 

{mail. 
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' ifmall, that it will give no light, though 
it may be ftill capable of attracting or re¬ 
pelling. • 

1 

The general method to prove Whether 
the eleCtricity of a body, electrified either 
by excitation, or communication, is nega¬ 
tive, or politive, is to bring it pretty near 
-to an electrified electrometer D Or C fig. 4, 

* and obferve whether the body attracts or 
repels it j for if the electrometer be electri¬ 
fied pofittvely, and the electrified body re¬ 
pels it, then you may conclude that the 
. body is alfo electrified pofitively-; becaufe 
bodies, poflefied of the fame kind of Elec¬ 
tricity, repel each other; but if the body 
prefented attracts the Electrometer, then it 
muft be electrified negatively, becaufe there 
is no eleCtric attraction between bodies, 
unlefs they are differently electrified; and 
as the electrometer is known to be electri¬ 
fied pofitively, the body is confequently 
electrified negatively. 

This may be alfo done by electrifying the 
electrometer negatively; but then the ef¬ 
fects are juft the contrary, i, e. the electri¬ 
fied 
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fied body, if negative, will repel the elec- 
trometer, and if pofitive, will attract it. 

In this experiment, however, it mufl be 
obferved, that, if the Eledtxicity of the 
eledtrified body is much ftronger than that 
of the eledtrometer, or the Eledtricity of 
•the latter llronger than that of the former, 
and the eledtrified body be brdught very 
near the eledtrometer, then they will at- 
tradtone another, notwithftanding they are 
jipflefled of the fame kind of Eledtricity. 
Suppofe, for inftance, that one of the elec¬ 
trometers C is pofitively eledtrified, fb that 
its cork-balls may diverge about half an 
inch, and a glafs tube ftrongly excited be 
brought near it j when this tube is a foot 
. diftant, or more, the eledtrometer will be 
a little repelled by it; but if the tube be 
brought nearer, the,cork-balls, that before 
diverged half an inch, will now converge 
till they are in contadt, and appear, as they 
adtually are, uneledtrified; becaufe the ac¬ 
tion of the excited tube has repelled theif 
fuperfluous fluid through the threads up to 
the remotefl part of the eledtrometer. If 
the tube be prefented ftill nearer, the balls 
2 will 
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wBElhen be attracted by itfbeeaufe the 
ftrobger Electricity ofthe tqbe repel? nqt 
only their fuperinduced, but alfo'tbeir nar 
tural quantity of fluid-’ up the : threads, &c. 
and therefore the balls, becoming Negative ¬ 
ly electrified, muft' neceifarily beattraCteld 
by the tube. ' / ^ 

• 'jUpcm this principle an’clcCtrorneter may 
be electrified negatively by means of an 
electric pofifively excited j or,'ph'fhe con¬ 
trary, it may be eleCtrined pofitively by an 
electric po defied of the negativeEle&rici- 
ty. Take, for inftance, a glafs tube excited 
pofitively, and bring it within fix or feyen 
inches under the balls of one of the above- 
laid electrometers; in which cafe the .balls 
qf -the eleftrometer will diverge, becaufe 
their -natural quantity of eledtric fluid has 
been driven from them to the upper part 
pf the threads by the adtion of the. tube 
pofitively excited; fo that the balls in rea¬ 
lity diverge with negative Electricity. 
Now, [ in this flate touch the upper part 
df the threads of the electrometer with 
your finger, which will take ofc feme of the 
eteCt\ic fluid natural to the electrometer ^ 
. P aftef 
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after which remove the finger, and mime* 
diately after remove the glafs tube, and 
the electrometer will remain electrified ne¬ 
gatively, becaufe the excited glafs tube did 
not impart any eleCtric fluid to the elec¬ 
trometer, but only difturbed the equili¬ 
brium of the natural quantity of electric 
fluid, which belonged to it, and part of 
which efcaped through the finger that 
touched the electrometer, and which did 
eonfcquently remain in a negative ftate.— 
After the like manner the electrometer may 
be electrified pofitively, by means of a body 
poffefled of negative Electricity, 

But fhould a more precife method than 
the above be required, to determine the 
quality of the Electricity of an electrified 
body, the following may be ufed:—Firft, 
cleCtrify one of the electrometers C, placed 
upon the ftand fig. 4, either pofitively, or 
negatively, at pleafure: touch it, for in¬ 
fra nee, with an excited glafs tube, fo that 
its balls may repel, and ftand,about two 
inches'diftant from one another j then touch 
the other electrometer G with the'electri¬ 
fied body, that you defire to examine, fo 

that 


Digitized by 


Google 



Ctt filECTRIClTV.' 

that it may be poflefl^d of the fame degree 
pf Electricity: Laftly, take either of the 
two electrometers jay the top of the glafs 
handle a, difen gage it from the of the 
jftand, and bring it near the other electro¬ 
meter ; if tjien the balls of one electro¬ 
meter repel djofc of the other, ypu nqay 
conclude that they are pofleffed of the fame 
Jtind of EleCtricity j but if they attraCf each 
other, you may conclude that they were 
electrified with contrary Electricities* and 
as you know the Electricity of that electro¬ 
meter, which was firft electrified, you will 
of courfe know the eleCtriqity of the pther 
electrometer, i. e. of the electrified body, 
with which it was touched, 

The abpye experiment qaay be alfo made 
with the tingle-thread eleCtropieter? fpr 
if they are brpvjght near to one another, 
when their feathers are electrified, they 
will, if pqflefled of the fame EleCtricity, re¬ 
pel, or if poflefled of contrary Electricities* 
attract each other, 

P * EafPS- 
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Experiment Vll." 0 1 

. . ■' • .• r •' p- •), '• ,■, .{ 

- • The tnjiciated metallic 'Rode ' ^' r ‘ 

'■ * u • . . i r T* • *;u: 

' V f * - ^ . ** . ' ! . r . 

- In folate in an horizontal pefitfen a me¬ 
tallic* rod about two 0 ‘Fe&t * long, having^ 
blunt ends,'arid to one of-its ends 'fufpena 
anelectrometer, like that repreferited fig. V/ 
then bnrig 1 within three or four' inches’ 
diftahc'e^oFttS othef end'an excited gfafs 
tube. On "the approach 1 of the^tiibe, the 
•balls. Qf the dedrometer will l o^eri, arid if 
you preferit towards them a body pofitively 
electrified, you will perceive that'they di- 

Electricity. . If the 
e* Balls come together 
again, and no Electricity remains in them, 
or in the metallic rod. “ fiut if while the 
tube is near one end of the rod, and the, 
balls diverge with pofitive Electricity, the 
other end of the rod, viz. that from which 
the electrometer hangs, be touched \vith 
fome Conductor, the cork-balls will come 
immediately together, and they will remain 
fo whenthe Conductor has been removed; 

—remove 


verge with pofitive 
tube be removed^ tK 
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-^remove now the excited glafs tube, and 
the balls will immediately diverge with ne¬ 
gative Electricity • which fhows that the 
rod remains undercharged, /. e. electrified 
negatively. 

The reafort of this experiment is, that 
.the repelling power of the excited tube, 
driving the fluid of one end of the rod to 
its other end, i. e. to that, with which the 
electrometer is connected, renders this end 
electrified pofitively ; but in faCt the tube 
communicates no EleCtricity to the rod, it. 
only difttirbs the equable diffufion of its 
ifluid: in confequ.ence of this, the electro¬ 
meter, hanging to the overcharged end of 
the rod, mu ft necefiarily appear to be elec¬ 
trified pofitively; but when the tube is re¬ 
moved, then the electrometer appears again 
janeleCtrified: for the fluid, which had by 
the aCtion of the tube been driven to onq 
end of the rod, now retires to its former 
fituation, and leaves the rod with the elec¬ 
trometer, uneleCtrified. 

In The fecond cafe, when the balls of the 
electrometer diverge with pofitive Electri¬ 
city, if that end of the rod be touched with 
P 3 ' fome 
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feme conductor, all its fuperfluous fluid; 
Which is no other than that belonging to 
the oppofite end of the rod, will be commu- 
hicated to that body* with which the. rod i$ 
touched, and therefore the electrometer re* 
rrtains uneleCtrifiedbut now in faCt the 
rod has loft fotne of its natural quantity of 
fluid j for if the end of it, that is far theft 
from the excited tube, remains in its natu¬ 
ral ftate, th’e other end is undercharged ; 
consequently, when the tubfe is removed, 
the fmall quantity of fluid that remains ih 
the rod will diffufe itfelf uniformly through 
it; but this quantity of fluid is left than 
that naturally inherent in the rod; the rod 
will therefbife remain undercharged, and 
hence the balls of the electrometer diverge 
with degatiVe EJeCtricity, 

This explanation is the iamb Ss that 
mentioned in the preceding experiment, 
viz-, in the method of electrifying an elec* 
trometelr rtegatiVely, with > body poftefled 
of pofltive eleCtricity, tyc .; but as this expe¬ 
riment is the bafis, or key, <if feveral others, 
I {hall infift on it a little longer ; and, to 
render its explanation mode intelligible and 

cleari 
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clear, I /hall make ufe of tho following 
diagram: 


A—-a-& 

Let the above-mentioned infulated rod 
be reprefented by the line A B. When 
this rod is in its i^tural ftate (in refpeCt to 
Electricity) then the eleCtric .fluid belonging 
to it, is equally diffufed throughout the rod, 
But when the excited tube is brought with¬ 
in three or four inches diitance of one of 
the ends, for inflance B, then the fluid, be¬ 
longing to that end, will be driven to the 
end A j which end therefore becomes over¬ 
charged, and the end B undercharged; yet 
the‘ rod has no more eleCtric fluid now, 
than it had before; and when the tube is 
removed to fome diflance from the rod, the 
fuperfluo'us fluid, repelled to the end A, 
returns to its former place, i. e. to the end 
B, and the equilibrium in the rod is re- 
ftored. But if, when the fluid in the rod 
is repelled to the end A, this end be 
touched, the fluid repelled thither will im¬ 
mediately be conducted away by the body 
that touched it, and. will leave the end A 
P4 of 
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of thg jod in a natural ftate; hut at the 
lame time, the end B is undercharged; 
therefore, when the tube is removed, pari 
of the natural fluid-belonging to the end A, 
will go to the end B j and thus the whole 
t;od will remain undercharged, i. e. nega¬ 
tively electrified. 

If the above experiment be made with 
an eleCtric negatively electrified (for in.- 
ftance, a rod of fealing-wax inftead of the 
excited glafs tube) then the apparent Elec¬ 
tricities in the rod will be juft the reverfe 
of what they were before; for in this cafe* 
that end of the rod to which the eleCtric 
has been prefented, will be overcharged, 
and die opjofite end, undercharged; which 
oppofite end, if touched in this ftate with 
Ibme conducting fubftance, will acquire 
fome eleCtric fluid from that fubftance * 
and when* after that fubftance has been re¬ 
moved, the excited eleCtric is alfo retnoved* 
the rod will remain overcharged/ 

In making this experiment, care mult 
be taken that the end of the rod be very 
blunt,. and that the' eleCtric be not Very' 

powerfully 
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powerfully excited j othervrife a fpark may 
pafs from this to the rod* which renders the 
experiment precarious. 

Experiment VIII. 

The two inful&ted metallic Rods v 

Take two rods of metal, each about 4 
foot long* furnifhed with knobs at both 
ends, and, either by filk lines, or by inf¬ 
lating ftools* infulate them* fo that they 
may ftand horif *ntally in one direction* 
and about i of an inch' diftance from one 
another. To the middle of each of tbefe 
rods hang an electrometer, like that repre¬ 
sented fig. 3. This done, take an excited 
glafs tube, and bring it to about three 
inches diftance from the knob of one of 
the rods; on doing which, the electrome¬ 
ters of both rods will appear electrified i 
keep the tube in that fituation for about two 
feconds, then remove it. The rods now 
will remain electrified, as appears by the 
electrometers j the firft, viz. that to which 
the excited tube had been prefented, re¬ 
maining negative, and the other pofitive. 

o The 


Digitized by 


Google 



ti8 A Complete Treatise 

The reafon of this phenomenon is, that 
when the tube was near the end of one of 
the rods, the aCtion of its fluid repelling' 
the fluid of that rod, caufed it to pafs in a 
ipark to the other contiguous rodi on which 
account, when the tube was removed, the 
flrft rod, having loft fome of its natural fluid, 

, remained undercharged ; and the other rod, 
acquiring the fluid loft by the former, be¬ 
came overcharged. 

In this experiment, if,inftead of theglafs 
tube, an eleCtric, negatively excited, be 
brought near the end of one rod, then that 
rod, will be electrified pofitively, and the 
Other negatively; for the aCtion of this elec¬ 
tric, producing juft the contrary effeCt of the 
glafs tube, inftead of repelling the fluid of 
the fir ft; rod into the fecond, attracts that of 
the/econd into the firft. 

In this experiment the eleCtrie does not 
communicate any electricity of its own, but 
only difturbs the equilibrium between the 
fluid of the rods. 
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Experiments ok ele&frte Light*. 

T HE fo$dfe<Hg experiments require t» 
be made in the dark $ for although 
the ele&ric light, hi feveral circumftances, 
fcoay be feefit hi die day-light* yet its ap- 
pearance in this inahlief is Very confafpdj 
and, that the Electrician might form a bet¬ 
ter idea of its different appearances, it is ab% 
folutely neceflaty to perform fuch experi¬ 
ments , in a darkened room-. 

ExPfeRI&l'EN'i' h 

The Stifr tout Pencil of elefttic Light. 

When the lele&rical machine is in good 
order, and the prime Conductor is fituated. 
with the oolledtor fufficiently near the glafs 
cylinder (which filiation I fhall call here¬ 
after its proper place) turn the winch, and 
you will fee a lucid ftar at each of the 
joints of the celtcdon This fear is the 

constant 
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conftant appearance of the eledtric fluid that 
is entering a point. At the fame time, you 
•will fee a ftr-ortg li^ht-^prAeeeding from the 
rubber, and fpreading itfelf over the fur- 
lace of the cylinder^ and*, if’ the^excitation 
of the cylinder is very. powerful,, detjfe 
ftreainS of Are \vi|t proceed from" t^ie rub¬ 
ber, and, darting roun^lmofl:,half the'Cir¬ 
cumference of. the' cylinder, will reach the 
pojnts of tke’coBedipf *« 

If the chain of the rubber be taken off, 
and a pointed body (as for initdrfce* the 
"point of a needle or pin) be pretexted to 
the back of the rubber, at the diftaiice of 
about two inches* a lucid pencil of rays 
will appear to proceed from the-point pre- 
fented, and diverge towards the rubber. 

* v „ Y. c; .. . t ,, ^ ‘ 

* If the prime Conclu&or be removed, the denfe 
Steams of fire wilLgo quite round the cylinder \ reaching * 
from one fide of the rubber to the other.-—By obferving 
w which fide of the cylinder thofe ftreamsare moft co¬ 
pious, it may he cafily determined, which fide of the rub-' 
kr prefles more or kfs upen the cylinder, or is better 
covered with amalgam, or, in fhoft, which fide is the 
Aloft or leaft fit for the excitation of the g!*fs.. 

• - v ... , ! *\ U -Thtg 
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Tfifs £fen<?fl r Is tl^ coivftahi; Wppear^nce ; of 

the bl&trib -fUnd hrbhi 4 Ipofritj and 

h&W • Cbtn&s' cAit ‘hir the phiih^-ifi 

6n36r Wfap^ly thii rttfeb^f, l whrch Isr data* 
ftantly exhauftcd’^bjr’ ffi^'cyiih^f^inrIrfto* 

tioji. ' , • ' 

- 2'! v;.'! Ji, >:r:i‘jrx ; .’ i: -;T 

v. 

If ptblenteti to 

ihk p'Hh ¥4 4 ^pfe 4 r' itttuhU 

hatted j btitrif ’a pointed wire* 

SP odtef^pcil^ed r cohidiiftirJg t body,'"be c 5 n~ 
iTte&edt * ; thd jprinte' Coiidil&pi-, it ^1 

St&rfmt a pendd ofofiys'', fit ihte piirhfc 
, ^dkdfi^tor bfelni^ bvercliargfed'; the fluid do- 

f&tm k^bhiil oh thitr ^6ftif l !ffbrii Wfrfch li 
flies off, and a ftar on that point which' it 
enters*. 

. r.-....r -' > «* •• i >') ■f. BEO- 

f T • T , » 

* v - 

* It may be alked, why the ele&ric fluid entering a 
point, raufeth the appearance of.a/ftar* and when gO»> 
ing but pf did pbiKt, canfeth the appearance of a bruflv 
of rays? Ir> anfwer to this quieftion* F. BEcdAltfA 
• fuppofes, that the ftar i$ occafioned by tiie difficulty 
with which the cle&ric fluid is extricated from the air, 
which is an cleftric. Suppofe, for inftance, that a 
' pointed wire is prefented to a body pofitively eledlrifled*- 
the elediric fluid is firft from, that body 'communi¬ 
cated 
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F. Beccarja remarks, that if tsri* 
equally iharp points are approached to % 
prime Conductor, they wiH appear lumi¬ 
nous at only half the diftane* at whidv 
one of them would have done. 

From .this experiment may tie learned 
the method of diftinguifhing the quality of 
the Electricity of an electrified body, by, 
the appearance of the eTeCtric fight; for of 
a needle, or any other pointed body*, b$. 
prefented in the. dark, with the point to* 
wards a body ftrongjy electrified, it will 
appear illuminated with a ftar, when that 
body is electrified pofitively, and with % 
pencil or firufli, when it is electrized nega¬ 
tively. 

Here it is proper to remark, that when 
two points (one of which is connected with 

catgd to the air bstweenit and thq wire, and then 
wire muft extricate it from that air. The brufo* be (bp* 
pofes to be oceafioned by the force with which the elec¬ 
tric fluid, going out of a point, runs through the conti-* 
guous air to that which is more remote from it^ Le. by 
dividing thef contiguous air, and not by affixing itfelf 
IP it* 

the 
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the prime Conductor, or the rubber) ate op- 
pofed to one another, the appearance of light 
in both is pretty much the fame. Mr. 
Wilcke remarks* that when a point not 
eloftrified, is oppofed to another point elec¬ 
trified pofitively, the cones of light, which 
oth^rwife would appear upon them, disap¬ 
pear* but that if a pofitive cone be oppoled 
to a negative cone, they both jjreferve their 
own charaCteriftic properties *. 

Experiment II. 

Drawing Sparks. 

Let the prime Conductor be lituated in 
its proper place, and electrify it by work¬ 
ing the machine * then bring a metallic 
rod with a. round knob at each end, or the 
knuckle of a finger, within a proper dis¬ 
tance of the prime Conductor* and a fpark 
will be feen between that and the knuckle, 
or knobbed wire. The longer and ftronger 

• W1ICK8, p. 140.—See JfiCCARiA’s Art. Ele& 
§ 941, and following. 

■ fpark 
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fpark is drawn from that end of the prime 
Conductor which is fartheft from the cy¬ 
linder, or rather from the end of the 
knobbed nod I B, fixed at its end B> 
fig, 2 *, 

This fpark (which has the feme appear,. 
an£e, whether -drawh from a-prim® Con¬ 
ductor positively, or negatively electrified)’ 
appears like a long line of fire* reaching 
from the Conductor to the oppofed body j 
and pft.cn (particularly when the fpark is 
long, and different conducting fubftances 
are near the line of its direction) it will 
have the appearance of being bent to 
fharp angles in different places, exactly re- 
fembling a fiafh of lightning. Notwith- 
ftanding, however, this extended appear¬ 
ance, which is imputed to the quick paf- 
fegte Of the luminous matter, the electric 

» ' 

* The reafon of this is, becaaft- that end bf the prime 
Coodu&cJr is lefs influenced by theattnofphere of the ex* 
cited cylinder. 

•f It often darts brufhes of light Tideways, iii every 
direction. " - ’ 

fluid 
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fluid paffing from one body to another in a 
Spark, is reafonably thought to proceed in 
a feparate, and nearly globular body. 

- The direction of the fpark often deceives 
the moil experienced Eledtrician, it Teem¬ 
ing fometimes to proceed from one place, 
and at other times, under the fame circum¬ 
stances, to proceed from the oppofite. 
When the prime Conductor is eledtrified 
pofitivel'y, the fpark muft certainly proceed 
from it, and go to the body prefented; and 
when the prime Condudtor is eledtrified 
negatively, the fpark muft proceed from 
the body prefented, and go to the Con¬ 
dudtor. This, however, we learn by rea- 
foning from other experiments ; for the 
real diredtion Of the fpark in the above 
experiment, is much more rapid in its 
. motion than to admit its form, much lefs 
its diredtion, to be perceived by our eyes. 
With Mr. Nairne’s machine, which is 
very powerful, it is obfervable, firft, that the 
fparks from the negative Condudtor are 
more pungent than thofe from the pofitive ; 
and Secondly (which may be the caufe of the 
preceding effedt), that when a blunt body is 
Q^_ prefented 
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prefented to the negative Conductor, the, 
(park appears branched towards the Con¬ 
ductor, and concentrated in one flock to¬ 
wards the body ; but with the pofitive Con¬ 
ductor the appearance of the fpark is juft 
the reverfe. 

A longer fpark may be drawn fropa a 
larger than from a fmallef Conductor, ex¬ 
cept when the Conductor exceeds a certain 
fize. The Conductor, which, when put 
before an ordinary eleCtrical machine, will 
give fparks about equal in length to the 
diameter of the glafs cylinder of the ma¬ 
chine,, is the largeft that can be ufed to 
advantage; for a longer fpark cannot be 
obtained, except in fome particular cafes, 
viz. when fome particles of duft, or other 
extraneous matter, happen to be inter- 
pofed between the Conductor and the brafs 
ball, or other fubftance, that is oppo- 
fed to it, &c. as will appear from the fol¬ 
lowing reafoning:—The circumference of 
the glafs cylinder is nearly equal to three 
times its diameter. The rubber, with its 
• piece of filk, &c. may occupy about one 
third part of the faid circumference, and 

confequently 
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Confequently the collector of the Conduc¬ 
tor, when put in the middle of the re¬ 
maining furface, at moft cannot be far¬ 
ther. from the rubber than the length of 
one diameter of the cylinder, viz. one 
third part of the circumference ; there¬ 
fore it is plain, that if the conductor could 
give a fpark longer than the diameter of 
the cylinder, the fpark would be darted to 
the rubber, rather than to any other body 
placed farther off from the Conductor.— 
When the rubber of the machine is made 
to communicate with the earth, by means 
of imperfeCt Conductors, as a piece of wood, 
&c. then the Conductor will give a fpark 
generally longer than when perfect Conduc¬ 
tors are employed for the faid communica¬ 
tion. In this cafe it may happen, that a 
fpark fome fmall matter longer than the 
diameter of the cylinder, might be ob¬ 
tained. 


Qjt Expk- 
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Experiment III. 

{To jire inflammable Spirits. 

The power of the eledtric fpark to let 
fire to inflammable fpirits, may be exhi^ 
bited by feveral, different methods •, but 
tnore ealily thusrHang to the prime 
Condu&oi* a fhort rod, having a fmall 
knob at its end, then pour fome fpirit of 
wine, a little warmed, into a metal fpoon * j 
hold the fpoon by the handle, and 
place it in fuch a manner, that the fmall 
knob on the rod may be about one inch 
above the furface of the fpirit. In this 
lituation, if, by turning the winch, a fpark 
fie made to come from the knob, it will 
fet the fpirit on fire. 

* The readieft way to Warm the fpirits For this ex¬ 
periment, is to fet i't oh fire with a cahdle when it is in 
the fpoon, and, after it has burned for about two or 
three feconds, to blow it out with your breath. In this 
Hate it will be found very ready to take fire, even by a 
fmall fpark. 

This 
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This experiment happens in the very 
fame manner, whether the Conductor is 
electrified pofitively or negatively, i. e, 
whether the fpark be made to come from 
the Conductor or from the fpoon ; it be-? 
jng only in copfequence of the rapid mo¬ 
tion of the fpark that the lpirits are kin¬ 
dled. 

It will be perhaps fcarce heceflary to re* 
mark, that the more inflammable the fpi- 
rits are, the more proper they will be for 
this experiment, as a fmaller fpark will be 
fufficient to inflame them* therefore rec¬ 
tified fpirit of wifte is better than com¬ 
mon proof fpirit, and aether is better than 
either. 

This experiment may be varied different 
ways, and may be rendered very agreeable 
to a company of fpeClators. A perfon,. for 
inftance, {landing upon an eleClric ftool, 
and communicating with the prime Con¬ 
ductor, may hold the fpoon with the fpi- 
rits in his hand, and another perfon. Hand* 
ing upon the floor, may fet ’the fpirits on 

0*3 to , 
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' fire, by bringing his finger within a fmall 
diftance of it, Inftead of his finger, he 
riiay fire the fpirits with a piece of ice j 
when the experiment will leem much more 
furprizing. If the fpoon is held by the 
pdrfon Handing upon the floor, and the in- 
fulated perfon brings fome conducing fub- 
ftance over the furface of the fpirit, the 
« experiment fucceeds as well, 

Mr. Winckler fays, “ that oil, pitch, 
“ and fealing-wax, might - be lighted by 
“ electric fparks, provided thofe fubftances 
“ were firft heated to a degree next to 
“ kindling. To thefe it muft be added, 
“ that Mr. Gralath fired the fmoke of 
“ a candle juft blown out, and lighted it 
“ again j and that Mr. Boze fired gun- 
** powder, melting it in a fpoon, and firft 
“ the vapour that rofe from it*. 

s' 

* Priestley’s Hift. of Eleft. period VII, 
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Experiment IV. 

'The artificial Bolonian Stone illuminated 
by the^ cleftric Light . 

The moil curious experiment to fhfiW 
the penetrability of the eledtric light, is 
madp with the real, or with the artificial , 
Bolonian done, which is procured more 
eafily, and was invented by the late 
Mr. J. Canton. This phofphorus is a 
calcareous fubftance, generally ufed in the > 
form of a powder, which has the property 
of appearing lucid, when brought into the 
dark after having been expofed to the 
light*. 

Pat 

^ The method of making this phofphorus js-as fol- 
lows: “Calcine fome common oyfter-dhells” (if they 
be old, and half calcined by time, fuch as are com-? 
monly found upon the fea-fhore, they are, as Mr. W. 
Canton obferves, fo much the better) “ by keeping 
a them in a good coal-fire for half an hour; let the 
pureft part of the calx be pulverized and fiftecfj 
mix with three parts of this powder one part of the 
44 flowers of fulphur; let this mixture be rammed into 
** a cfucible of about an inch and a half ip depth, till it 
0.4 w N 
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Put Tome of this powder in a clear glafs 
phial, and flop it with a glafs ftopper, or a 
cork and fealing-wax. If this phial be kept 
in a darkened room - (which for this expe¬ 
riment muft be very dark) it will give no 
light; but let two or three ftrorig fparks 
be drawn from the prime Conductor, when 
the phial is kept at about two inches dis¬ 
tance from the fparks, fo that it may 
be expofed to that light, and this phial 
will receive the light, and afterwards will 
appear illuminated for a conftderable 
time. 


“ be almoft full; and let it be placed in the middle of 
“ the fire, where it muft be kept red-hot for one hour 
“ at leaft, and then fet it by to cool: wjhen cold, turn 
“ it out of the crucible, and cutting or breaking it to 
“ pieces, fcrape off, upon trial, the brigh'teft parts: 
“ which, if good phosphorus, will be a white powder, 
“ and may be preferved by keeping -it iri a dry phial 
<{ with a ground ftopple.” ’ i 

If this phofphorusj whether in the phial or not, be 
kept in the dark, it wiH give no light, but if expofed 
to the light, either of the day, or of any other luminous 
body, and afterwards brought into a dark place, it will 
then appear lucid for a confiderable time. For farther 
properties of this phosphorus, fee the Phil. Tranf. Vol. 
LVin. 


This 
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• This powder may be ftuck upon a board 
hy means of the white of an egg, fo as to 
reprcfent figures of planets, letters, or any 
thing elfs, at the pleafure of the operator, 
and thefe figures may be illuminated in the 
dark, in the fame manner as the above-de- 
fcribed phial. 

A beautiful method to exprefs geometri¬ 
cal figures with the above phofphorus, is 
to bend finall glafs tubes, of about the 
tenth part of an inch diameter, in the ftiape 
of the figure defired, and then to fill them 
with the phofphorus powder. Thefe may 
be illuminated in the manner defcribed, 
and they are not fo fubjed to be fpoiled, 
as the figures reprefented upon the board 
frequently are. 

The beft method of illuminating this 
phofphorus, and was that Mr. Can¬ 
ton generally ufed, is to difcharge a fmall 
eledric jar near it. 

Paper, after being made dry and rather 
hot, marble, oyfter-fhells, and moil calca¬ 
reous fubftance's, efpecially when burned to 

v lime, 
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lime, have the property of being illumi¬ 
nated by the light given by the difcharge 
of a jar, though not fo much as the above* 
mentioned jihofphorus* 

Experiment V« 

‘The luminous Conductor. 

Fig. 6. Plate I. reprefents a prime Con* 
duCtor invented by Mr. Henly, which 
lhews clearly the direction of the eleCtric 
fluid paffing through it, from whence it is 
Called the luminous Condublor *, The mid¬ 
dle part EF of this Conductor, is a glafs 
tube about eighteen inches long, and three 
Or four inches in diameter. To both ends 
of this tube the hollow brafs pieces FD, 
•BE, are cemented air-tight, one of which 
has a point C, by which it receives the 
eleCtric fluid, when fet near die excited 
cylinder of the electrical machine, and the 
/ 

* An inftrument much like this Condu&or was 
fome years ago Contrived by Dr. Watson* with which 
he made feveral original experiments upon the electric 
light# 

other 
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pther has a knobbed wire G, from which a 
Strong fpark may be drawn; and from each 
of the pieces FD, BE, a knobbed wire 
proceeds, within the cavity of the glafs tube. 
The brafs piece F D, or B E, is compofed 
of two parts, /, e, a cap f cemented to the 
glafs tube, and having a hole with a valve, 
by which the cavity of the glafs tube may 
be exhausted of air; and the ball D, which 
is fcrewed upon the cap The hip-* 
pbrters of this instrument are two glafs pil-? 
Jars faftened in the bottom board H, like 
the prime Conductor reprefented fig, s, 
When the glafs tube of this Conductor is 
exhausted of air by means of an air-pump, 
and the brafs ball is fcrewed on, as repre-r 
fented in the figure, then it is fit for ufe, 
and may ferve for a prime Conductor to an 
electrical machine. 

If the point C of phjs Conductor is fe£ 
near the excited cylinder of the machine, 
it will appear illuminated with a Star; at 
the fame time the glafs tube will appear all 
illuminated with a weak light; but'from 
the knobbed wire, that proceeds within the 
glafs from the pi?ce FP, a lucid pencil 

will 
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Will iffue out, and the oppofite knob will 
appear illuminated with a ftar or round 
body of light, which, as well as the. pencil 
of rays, is very clear, and difcernible among 
the other light, thkt occupies the greateft 
part of the cavity of the tube. 

If the point C» inftead of being prefent- 
fed to the cylinder, be connected with the 
rubber of the machine, the appearance of 
light within the tube will be reverfed ; the 
knob which communicates with the piece 
F D appearing illuminated with a ftar, and 
the oppofite with a pencil of rays; becaufe 
in this cafe the direction of the eledtric fluid 
is juft the contrary of what it was before •, 
it then going from D to B, and now coin¬ 
ing from B and going to D, 

If the wires within the tube EF, inftead 
of being furniftied with knobs, be pointed, 
the appe'arance of light is the fame, bpt it 
feems not fo ftrong in this, as in the pthgr 
Cale, 
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Experiment VI, 

The conducting Glajs 'Tube. 

\ 

Take a glafs tube of about two inches 
diameter, and about two feet long; fix to 
one of its ends a brafs cap, and to the other 
a flop-cock, or a valve; then by means of 
an air-pump exhauft it of air. If this tube 
be held by one end, and its other end be 
brought near the electrified prime Conduct- 
tor, it will appear to be full of light, when¬ 
ever a fpark is taken by it from the prime 
Conductor j and much more fo, if an elec¬ 
tric jar be difcharged through it. 

This experime'nt may alfo be made with 
the receiver of an air-pump.—Take, for in- 
ftance, a tall receiver, clean and dry, and 
through a hole at its top infert a wire, 
which muft be cemented air-tight. The 
end of the wire, that is within the tube, 
muft be pointed, but not very fharp; and 
the other end muft be furniihed with a 
knob. Put this receiver upon the plate of 
- the 
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the air-pump, and exhault it. If now the 
knob of the wire at the top of the receiver' 
be touched with the prime Conductor*, 
every fpark will pafs through the receiver 
in a denfe and large body of light, from 
the wire to the plate of the air-pump, 

It muft be obferved, that when the ait 
is very much rarefied, the eledtric light in 
it is lefs denfe, though more diffufed, and 
contrarywife. 

Experiment VII. 

j The Aurora Borealis . 

Take a phial nearly of the lhape and fize 
pf a Florence flafk; fix a ftop-cock or a 
Valve to its neck, and exhauft it of air as 
hiuch as it is poffible with a good air- 
pump. If this glafs be rubbed in the com¬ 
mon manner ufed to excite electrics, it will 

* When any thing is to be touched with the prime 
Conductor, that is not very portable, as the air-pump 
above-mentioned, the communication between the 
former and the latter may be made by means of a rod 
furnifhed with an electric handle, or,the like. 

i appear 
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appear luminous within, being full of a 
flafhing light, which plainly refembles the 
aurora borealis, or northern light. This 
phial may alfo be made luminous by hold¬ 
ing it by either end, and bringing the other 
end to the prime Conductor; in this cafe all 
the cavity of the glafs will inflantly appear 
full of flafhing light, which remains in it'for 
a confiderable time after it has been re-s 
moved from the prime Conductor. 

Inftead of the above-defcribed glafs vef- 
fel, a glafs tube, exhaufted of air and her¬ 
metically fealed, may be ufed, and perhaps 
with greater advantage. The moft remark¬ 
able circumstance of this experiment is, 
that if the phial or tube, after it has been 
removed from the prime Conductor (and 
even feveral hours after its flafliihg light 
hath ceafed to appear) be grafped with the 
hand, Strong flafhes of light will immediately 
appear within the glafs, which often reach 
from one of its ends to the other. 

The caufes on which this experiment 
depends, are-two; firlt, the conducing na¬ 
ture of the vacuum; and, feeorid, the charg¬ 
ing 
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ingof the glafs: for when one fide of the 
glafs phial is touched with the prime Con¬ 
ductor, the eledtric fluid, communicated to 
the outfide furface of one fide of the phial, 
caufeth the natural fluid belonging to the 
infide furface' to depart from its place, and 
go to the oppofite fide of the phial; and 
this fluid, pafiing through the vacuum* 
caufes the light within the phial,,which 
light is more or lefs fubdivided, according 
as the vacuum is lefs or more perfedt. Now, 
that part of the phial, which has touched 
the prime Condudtor, is adtually charged; 
for its outfide furface has. acquired an ad¬ 
ditional quantity of eledtric fluid, and the 
infide furface has loft part of its own; but 
as the outfide of the phial has no coating, 
therefore, when it is removed from.the 
prime Condudtor, and is not grafped 
with the hand, or other Condudtor, the 
charged part of the glafs can be difcharged 
only gradually; that is, whilft its outfide 
furface is communicating its fupdrfluous 
flpid to the contiguous air, the infide fur¬ 
face acquires the eledtric fluid from the 
other end of the phial, and this fluid pafling 
through the vacuum, caufes that flafhing, 

which 
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which is obferved for fo confiderable a 
time. If the phial be grafped with the 
hand, its difcharge is accelerated, hence the 
flafhes within the phial appear more denfe 
.arid copious j yet it cannot be difcharged all 
at once by this operation, becaufe the hand 
cannot touch every part of the glafs at 
once. 


Experiment VIII. 

'The vifible elefiric Atmofphere-, 

GI fig. 2. Plate II. reptefents the re¬ 
ceiver with the plate of an air-pump. In 
the middle of the plate IF, a fhort rod is 
fixed, having at its top a metal ball B nice¬ 
ly polifhed, whofe diameter is nearly two 
inches. From the top of the receiver ano¬ 
ther rod A D with a like ball A proceeds, 
and is cemented air-tight in the neck C \ 
the diftance of the balls from one another » 

being about four inches, or rather more. 

If, when the receiver is exhaufted of air, 
the ball A be electrified pofitively, by 
touching the top D of the rod AD with 
the prime Conductor or an excited glafs 

R. tube. 
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tube, a lucid atmofphere appears about it, 
which, although it confifts of a feeble light, 
is yet very confpicuous, and very well de¬ 
fined; at the fame time the ball B has not 
the leaft light. The atmofphere does not 
sxift all round the ball A, but reaches from 
about the middle of it, to a fmall diftance 
beyond that fide of its furface, which is 
towards the oppofite ball B. If the rod 
with the ball A be electrified negatively, 
then a lucid atmofphere, like the above- 
defcribed, will appear upon the ball B, 
reaching from its middle to a fmall difiance 
beyond that fide of it, that is towards the 
ball A; at the fame time the negatively elec¬ 
trified ball A remains without any light. 

The Operator, in this experiment, mufi 
be careful not to electrify the ball A too 
much, for then the eleCtric fluid will pafs in 
a fpark from one ball to the other, and the 
experiment will not have the defired effeCt. 
A little practice,/ however, will render the 
operation very eafy and familiar. 

By this elegant experiment, which is i>f 
the. celebrated F. Beccaria, we have an 

ocular 
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ocular dcmonftration of the theory of a 
lingle eledtric fluid; we fee that Eledtricity 
confifts of one uniform homogeneous fluid, 
and -not of two, viz. the vitreous and refi- 
nous, as fome have fuppofed; for if the 
pofitive and negative Eledtricity were two 
diftindt fluids, attractive of orie another, 
there fhould, in the above experiment, air¬ 
ways appear two atmofpheres, /. e. one 
about the ball A, and another about the 
ball B; for when the ball A is overcharged 
with either fluid, it fhould fhew that fuper- 
fluous fluid on its furface, and this fluid 
fhould attradt towards the ball A, an at- 
mofphere of the. contrary fluid from the 
ball B. But this, as we obferved before* 
is not the cafe ; for the appearance of the 
lucid atmofphere is always on one ball, 
namely, that which is overcharged With 
the eledtric fluid ; thus, when the ball A is 
eledtrified pofitively, the fuperfluoils fluid 
is vifible on that part of it which is nearefl 
to the ball B, becaufe B, being in a contrary 
ftate of Eledtricity, endeavours to attradt it j 
but, when the ball A is eledtrified negatively* 
it will attradt the fluid proper to the ball B, 
which fluid on that account appears upon 

R 2 the 
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the furface of B, juft in the aft of leaping to 
the ball A. 

7 

In order to remove an error, that has 
been adopted by feveral writers on Elec¬ 
tricity, it will not be amifs in this chapter 
to mention, that the eleftric light has all 
the prifmatic colours, as well as the light 
of the fun. This may be eafily obferved 
by viewing an eleftric fpark through a 
glafs prifm *. 

*, See Dr. PriestIey’s Hiftory of Electricity, part 
VIII. fee. XIII. n. XII. 
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c H a p. vir. 

Experiments with the Leyden Phial. 
Experiment I. 

Of charging, and difcharging a Phial in 
general. 

T AKE a coated jar, as D E, fig. 11, 
Plate I, and place it upon the table 
Hear the prime Conductor, fo that the knob 
of its wire, and that only, may be in con¬ 
tact with it: fix the quadrant electrometer 
E, fig. 2» upon the prime Conductor, and 
then turn the winch of the machine. You 
will obferve, that as the jar is charging, the 
index of the electrometer will rife gradual¬ 
ly as far as 90% or thereabouts, and then 
reft: when this happens, you may con¬ 
clude, that the jar has received its full 
charge. If now you take a difcharging 
rod, and, holding it by the glafs handle, 
apply firft one of its knobs to the outfide 
coating of the jar, and then bring the other 
knob near the knob of the wire of the jar, 

R 3 or 
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or near the prime Conductor, that com-* 
municates with, it, you will h ear a report, 
and fee very vivid fparks between the dif- 
charging rod and the conducting fubftances, 
communicating with the fides of the jar. 
This operatiqn difeharges the jar. If, in? 
Head of ufing the difch&rging rod, you touch 
the outfide of the jar with one hand, and 
bring the other hand near the wire of the 
jar, the fame fpark and report will follow, 
but now you will feel a fhock, which affeCts 
your wrids, elhows, and, if ftrong, your 
bread alfo *. If a number of perfons join 
hands, and the fird of them touche? the out¬ 
fide of the jar, and the lad touches the wire 
communicating with the infide, they will 
all feel the (hock, and precifely at the fame 
perceivable time. This fhock bearing no 
refemblance to any fenfation otherwife felt, 
cannot fconfequently be described; a nd in 
order that a perfon may form a juft idea of 
it, he mud abfolutely feel it. 

If many perfons lay hold of a metal plate 
that communicates with the outfide of a 

* A thock may be given to any tingle part of the 
body, if that part only be brought into the circuit. 

charged 
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charged jar, and all together do alfo hold a 
metal rod with which the difcharge is made, 
they will all feel the fhock; which (hews 
that the difcharge has been made through 
feveral circuits at once. 

The reafon of the charging of the phial 
or jar in this experiment is, that when a 
fuperfluous quantity of ele&ric fluid is 
forced upon the infide furface of the glafs, 
it caufeth an equal quantity of fluid, natu¬ 
rally inherent in the glafs, to depart from 
the oppofite furfacf, in confequence of the 
repulfion natural to the particles of the 
electric fluid, which repulfion is exerted 
, even through the glafs; one fide therefore 
of the glafs remains overcharged, and the 
other undercharged; as foon, therefore, as 
the communication between the two fides 
> of the jar is compleated, the fuperfluous 
fluid on one fide of the glafs flies violently 
to the other fide, and the rapidity of its mo¬ 
tion occafions the fpark, the report, &c. 

If the coated jar be held by the wire 
communicating with its infide, and the 
outfide coating be prefented to the prime 
R 4 Conductor, 
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Conductor, it will be charged as readily as 
in the other method, but with tjiis differ¬ 
ence, that in this cafe the outfide will be 
pofitive and the infide negative. 

We have fuppofed above, that the prime 
Conductor was electrified pofitively j but if 
the experiment be repeated when the Cpn- 
' duCtor, by being connected with the rub¬ 
ber of the machine, is electrified negative¬ 
ly, the jar will in the fame manner be 
charged ; except that in this cafe the fide 
that touches the prime Conductor will 
be electrified negatively, and the oppofite, 
fide pofitively. 

Experiment II. . 

To Jhew that an infulated yar cannot be 
charged. 

Set a coated jar upon an eleCtric ftool; 
connect its wire, or its outfide coating with 
the prime-Conductor, and turn the winch 
of the machine. You will then obferve, 
that the index of the quadrant electrome¬ 
ter, placed upon the prime Conductor, foon 
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rifq$ to 90% feemingly fhewing that tlie 
jar is charged. Then remove the elSdtric 
ftool with the jar from the prime Conduc¬ 
tor, and either with a dilcharging rod, or 
with your hands, endeavour to difcharge the 
jar, and you .will find, that it is not charged; 
for no remarkable fpark, no fhock, nor any 
other phenomenon of charged glafs will 
appear. 

4 

% 

The reafon why in this experiment the 
infide of the jar could acquire no additional 
eledtric fluid, and therefore the jar could 
acquire no charge, is becaufe the outfide 
could not at the fame time part with its 
own fluid, its communication with the 
earth being cut off by the eledtric flool. 
But repeat this experiment with only this 
variation, that, by means of a chain o^ 
otherwift, the outfide of the jar be made to 
communicate with the table, and you will 
then find, that the jar will be charged; for 
in this cafe the fluid, naturally inherent in 
the outer furface of the jar, can readily be 
repelled through the chain, &c. into the 
table. 

StridUy 
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Stri&ly fpeaking, the j ar in this experi¬ 
ment will acquire a very flight charge, 
becaufe Tome of the electric fluid belong¬ 
ing to its outflde will be imparted tp the 
air. See. 

If a jar be infulated, and one fide of it, 
inftead of being connected with the earth, 
be connected with the infulated rubber, 
whilft the other fide communicates with 
the prime Conductor, the jar will be alfo 
charged, and perhaps in a mofe expeditious 
manner; for whilfl: the rubber exhaufts one 
fide, the other fide is fupplied by the prime 
Conductor. In this manner it is ftiown, 
that the jar is charged with its own fluid,- 
i. e. the natural electric .fluid of one of its 
fides is, by the action of the machine, 
thrown on the other fide. 


Experim ent III. 

The preceding Experiment diverjijied. - 

To make the. above experiment in a 
clearer, and more fatisfa&ory manner, 
place the jar upon the ftool as before, and 
2 with 
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with its wire not in contact, but at about 
half an inch diftance from the prime Con¬ 
ductor ; hold the knob of another wire at 
fuch a diftance from the outfide coating of 
the jar, as the knob of the jar is from the 
prime Conductor, then let the winch of 
the machine be turned, and you will ob- 
ferve, that whenever a fpark comes from 
the prime Conductor to the wire of the 
jar, another fpark pafles from the outfide 
coating of the jar to the knob of the wire 
prefented towards it ; which (hews, that as 
a quantity of electric fluid is entering the 
infide of the jar, an equal quantity of it is 
leaving the outfide. In this manner the 
jar becomes charged. 

If inftead of the knobbed wire, a pointed 
one be prefented to the outfide of the jar, 
it will appear illuminated with a ftar j and 
if inftead of prefenting any wire to the jar, 
a pointed wire be connected with its coat¬ 
ing, it will appear illuminated with a brulh 
of rays (i. e. by throwing the eledtric fluid 
into the air), which will laft as long as the 
jar is charging. 

If 
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If the knob of another jar be prefented 
to the outfide coating of the infulated jar 
in the above experiment, it will alfo be 
charged; for the fluid, going out of the out¬ 
fide coating of.the firft jar, i. e. that Hand¬ 
ing upon the ftool, will go in the infide of 
the other jar, and caufe the fluid, inherent 
to the outfide of that jar, to depart from 
its place *. 


Experiment IV. 

To Jhew that the Charge of a fart or Glafs 
in general t does not refde in the Coating. 

Take a naked phial, and for a coating on 
the outfide Hick a piece of tin-foil, with a 
little tallow or bees-wax, fo that it can 
juft adhere to the glafs 3 and for an infide 

* One will eafily imagine from this experiment, how 
fe veral phials may be conne£led together, fo that they may 
be charged all at once, with nearly the fame trouble a9 
one is charged. It mud, however, be obferved, that 
when feveral jars are fo connected, that the infide of one 
communicates with the outfide of another, &c. they can¬ 
not be charged fo high, nor fo eafily, as otherwife; the 
difficulty increafing nearly in proportion to the number 
of jars. 

coating ’ 
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coating ufe fmall leaden fhot, or quick¬ 
filver; laftly, infert through its neck a 
knobbed wire communicating with the (hot 
or quickfilver.—This done, hold the phial 
thus coated by its outfide coating, and 
charge it, by prefenting its knobbed wire 
to the prime Conductor. When it is charg¬ 
ed, turn it upfide down, and let its wire 
and quickfilver, or {hot, fall in a glafs re¬ 
ceiver ; then remove its outfide coating alfo. 
In this operation the phial does not lofe its 
charge, and if you examine the quickfilver 
ojr fliot, you will find that it contains no 
more EleCricity than any other like con¬ 
ducing infulated body, which has been in 
contaC with the prime Conductor, would 
contain. Replace the outfide coating again 
upon the phial, pour the {hot or quick¬ 
silver again into it, or any other conducing 
fubftance, then touch with one hand the 
outfide coating, and with the other, by 
introducing a finger or a wire, touch the 
infide non-eleCric, and you .will feel a 
(hock; which will convince you, that the 
glafs has loft very little of its charge by the 
operation above-mentioned. 

The 
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The fame experiment may be more con¬ 
veniently made by laying a pane of glafs • 
upon a metal plate, and covering an equal 
part of the upper furface with tin-foil* 
having a filk thread fattened to one of its 
fides, by which it may be eafily taken off, 
wheh the glafs is charged, and as eafily re¬ 
placed, when required. 

Experiment V. 

To prove that the eleftric Fluid does not expel 
the Air contained in a Phial. 

Through a hole made in the cork that 
ttops a coated phial, introduce a fmall glafs 
tube open at both ends, and of about one 
thirtieth part of an inch in diameter; bend 
that part of the tube, that is Out of the 
phial, in an horizontal fituation, and with 
bees-wax fatten the cork fo, that no air can 
get in or out of the phial i except it paffes 
through the glafs tube; laftly, put a fmall 
drop of red wine, or ink, in the horizontal 
part of the tube, fo that it may be eafily 
moved through it, by the leaft rarefaction 
or condenfation of the air within the phial. 

If 
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If this phial thus furniflied be charged, 
by connecting the prime Conductor with 
its wire, the drop of liquor in the glafs 
tube will not be ftirred from its fituation; 
which fhews that the eleCtric fluid, ita- 
roitted into the phial, does not exclude any 
of the air that the phial contains. If the 
phial be difcharged, the drop of liquor in 
the tube will be often pufhed a little out of 
its place, and afterwards return to its for¬ 
mer fituation; which fhews, that on mak¬ 
ing the difcharge, the air within the phial 
was a little difplaced, or rarefied. This, 
however, is to be imputed tp fome fpark, ; 
that generally happens within the cavity of 
the phial, on account that the wire is not 
in perfect contaCt with the infide coat¬ 
ing *. 

* Having repeated this experiment with a fmall phial, 
whofe charging-piece (as we may call it) was a produc¬ 
tion of the infide coating, (which was of one piece of 
tin-foil: ftuck to the glafs with bees-wax, inconfequencc 
of which no fpark could happen within the phial) I 
found that the drop of liquor in the glafe tube was not - 
ftirred, either in charging or difcharging the phial. 


Expe- 
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Experiment VI. 

The Courfe of the eleftric Fluid tn the Dif 
charge rendered 'uifible by the Star and 
Pencil. 

When a jar is charged, take a difcharg^ 
irig rod having its ends pointed, i. e. the 
difcharging rod reprefented in fig.. 10. 
Plate I. without its knobs, and keep it as 
reprefented, fig. 11. that is, in fuch a fitu- 
ation, that one of its points C may be at 
about an inch diftance from the knob A, 
and the other point B at an equal diftance 
from the outfide coating of the jar; by 
thefe means the jar will be difcharged 
filently; and if its infide be electrified po- 
fitively, you will fee, that the point C of 
the difcharging rod is illuminated with a 
ftar, and the point B with a pencil; be- 
caufe, in this cafe, the eledtric fluid, going 
from the infide to the outfide of the jar, 
enters the point C, and ifiues from the 
point B. But when the jar is electrified ne¬ 
gatively on the infide, and confequently pofi- 
5 tive 
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tive on the outfide, then the pencil of rays 
will appear upon the point C, and the ftar 
upon the point Bj for in this cafe the elec¬ 
tric fluid pafles from the outfide to the in- 
fide of the jar. 

N! B. This experiment, as well as any 
other, in which the eledtric light is to be 
cblerved, requires to be made in the dark. 

Experiment VII. 

Fhe Courfe of the eledtric Fluid in the Dif- 
charge Jbeuvn by the Flame of a Wax- 
taper , 

Remove the -circular piece of wood E 
from the univerfal difeharger, reprefented 
fig. 5. Plate I. Fix the wires DB, DC, 
fo that their knobs DD may be about two 
inches diftant from one another; and upon 
the locket F fix a piece of wax-taper light¬ 
ed, fo that its flame may be juft in the 
middle between the knobs DD. Haying 
dilpofed the apparatus in this manner, if 
you conned!, by means pf a chain or other- 
wife, the outfide of -a charged jajr with one 

S of 
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of the , wires C, and bring the knob of tirg 
jar.to the other wire C^you will obferve, 
that on making the difeharge, which muft 
pafs between the knobs DP, the iame -of 
the wax-taper is always driven in the di¬ 
rection of the eledtric fluid ; that is, it will 
be blown upon the knob, of that wire, 
which Communicates with that fide of the 
jar.whieh is negatively electrified. 

In this experiment, the jar muft have an 
exceeding forall Charge, juft fufficient to pafsr 
through the interval in the circuit; which 
experience will prefently determine; other* 
'wife the experiment will, not fuceeed, or be 
perhaps rendered equivocal*. 

* If it'beafked, Why this experiment does ndtdrc- 
ceed with a great explofion as well as with a very (mail 
one ? the anfwer is, that when a jar highly charged, is 
brought near one of the wires of the univerfel dif- 
oharger, it creates an atmofphere about the knob of the 
(aid wife, which atmofphere difturbs the flame of the 
■wax--taper, before the actual difeharge: befides, the 
eledtric fluid in a great explofion, by its elaftic nature, 
paffes through the flame of the wax-taper too fwiftly 
to communicate to it any vifible motion; in the fame 
manner as a bullet, difeharged from a piftol againft an 
open door,- makes a hole through the door without 
(hutting it, • . , 

Expe- 
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Experiment VIIJ, 

*Xke Courje of the eleSlric Fluid in the Dif- 
charge,, rendered confpicuous by the Motion 
communicated to a Pith Ball. 

Bend a card, length-ways, over a round 
ruler, fo as to form a channel, or Semicir¬ 
cular groove*: lay this card upon the circu*- 
lar board E of the univerfal difcharger, re- 
prefented fig. 5. of Plate I. and in the 
middle of it put a pith^bali of about half 
an inch diameter j then at equal defences, 
about half or three quarters of an inch from 
the pith-ball, lay the two brafs knobs DD. 
The cajd being perfectly dry, and rather 
hot, if you-conned, by means of a chain or 
ptherwife, the outfide of a charged jar with 
ope, of the wires C, and bring the knob ©f 

* Inftcad of the card, a piece of baked wood may be 
cut in that fliape, and painted over with lamp-black 
and oil; which will anfwer better than the card, it 
being much more fteady, and not fo liable to attract 
moifture* 

. S s (he 
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the jar to the other wire C, you will ob« 
ferve, that on making the difcharge, which 
mull pals between the knobs DD, and 
over the card} &c. the pith-ball is always 
driven in the direction of the eledtric fluid; 
i. ei it is puflied towards that knob which 
communicates with the negative fide of the 
jar. 

It muft be obferved, that in this experi¬ 
ment the charge of the jar mult be juft fuf- 
ficient to pafs through the interval in the 
circuit j the card, or piece of baked wood, 
muft be very dry and clean ; and, in lhort> 
the difpofition of the apparatus* and the 
performance of this curious experiment, 
require a degree of nicety that can only be 
obtained by practice. * Without great pre¬ 
caution, it Ibmetimes fails; but when the 
operator has once got it to fucceed, and fol¬ 
lows exadtty the fame method of operating, 
he m?y be fure that the event of the experi¬ 
ment will be conftantly as above defcribed. 


Expe- 


Digitized by 


Google 


tn Electricity. z 6 i 


Experiment IX. 

The Leyden Vacuum . 

Fig. 8 and 9. of Plate I. represent a final! 
phial coated on the outfide about three 
inches up the fides with tin-foil; at the 
top of the neck of this phial, a brafs cap is 
Cemented, having a hole with a valve, and 
from the cap a wire proceeds a few inches 
within the phial, terminating in a blunt 
point. When this phial is exhaufted of air, ' 
a brafs ball is fcrewed upon the brafs c^p, 
fo as to defend the valve, and prevent any air 
from getting into the exhaufted glafs*. This 
phial exhibits clearly the direction of the 
electric fluid, both in charging and difcharg- 
ing j for if it be held by its bottom, and its 
brafs knob be prefentedtotheprime Conduc¬ 
tor po%ively electrified, you will fee that the 

* 

P The infide of this phial requires no coating, be- 
gaufe, as the eleftric fluid pervades vacuum, it can pafs 
freely from the wire to the furface of the exhaufted 
^lafs, without,the help of a non-ele&ric gating. 

§ 3 ele^ris 
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eledtric fluid caufeth the pencil of rays t<5 
proceed from the wire within the phial, as 
reprefented fig. 9. and when it is difcharged, 
a ftar will appear in the place cf the pencil, 
as reprefented in fig. 8. But if the phial 
be held by the brafs cap, and its bottom be 
touched with the prime Conductor, then 
the point of the wire, on its in fide will ap¬ 
pear illuminated with a liar when charging, 
and with a pencil when difcharging. If it 
be prefented to a prime Conductor electri¬ 
fied negatively, all thefe appearances, both 
in charging and difcharging, will be re- 
verfed. 

This experiment of the Leyden Vacuum, 
together with the two preceding ones, 
namely the feventh and eighth of ,thia 
chapter, are invention^ of the lat^ Mr* 
Henly. 


Expe- 
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Experiment X. 

pierce a Card, and other Subfiances, ''with 
the eledtric Explojion, 

Take a card, a quire of paper, qr the 
Cover of a book, and keep it clofe to the 
outfidp coating of a charged jar j put one 
Jcnob of the difcharging rod upon the card, 
quire pf paper, &c. fo that between the 
knob and coating of the jar, the thicknefs 
pf that card, or quire of paper, only is in- 
. terpofed j laftly, by bringing the other 
knob of the difcharging rod near l he knob 
pf the jar, make the difcharge; and the 
ele&ric matter rushing through the circuit, 
t from the pofitive to the negative furface of 
• the jar, will pierce a hole (or perhaps feve- 
iral) quite through the card, or quire of 
paper*. This hole has a bur raffed on 

i 

* The hole or holes* are larger or fmaller, according 
as the card, &c. is more damp or more dry. It is re. 
markable, that if the noftrils are prefentgd tp it, they 
will be affefted with a fulphureous, or rather a phof. 
phoreal fajell, juft like that produced by an excited 
|Sle&ric« 

S ^ each 
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each fide, except the card, &c. be prefled 
hard between the difeharging rod and the 
jar; which (hews that the hole is not made 
in the direction of the paflage of the fluid, 
hut in every direction from the center of the 
refilling body. 

If this experiment be made with two 
Cards inftead of one, which however mud 
be kept very little diltant from one ano¬ 
ther*, each of the cards, after the explo- 
fion, will be found pierced with one or 
more holes, and each hole will have burs 
on both furfaces of each card. 

If, inftead of paper, a very thin plate of 
glafs, rofin, fealing-wax, or the like, be in- 
tferpofed between the knob of the difeharg¬ 
ing rod, ana the outfide coating of the jar, 
on making the difeharge, this will be broken 
in feveral'pieces. 

Small infedls may alfo be killed in this 
manner; they may be held between the 

• This may be eafily effected by bending one of the 
cards a iiitle. 

outfide 

# * - ' 
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qutfide coating of the jar, and'the knob of 
the difcharging rod, like the above-men¬ 
tioned card} and a (hock of a common phial 
fent through them, will inftantly deprive 
them of life, if they are pretty fmall} but 
if larger, they will be affected in fuch a 
manner, as to appear quite dead on firll re¬ 
ceiving the ftroke, but will, after fome > 
time, recover: this, however, depends on 
the quantity of the charge fent through 
them. 

t 

If a fhock is fept through a lump of 
white fugar, ftrong enough to break the 
fugar, the (hock will illuminate every piece 
pf it, fo as to afford a beautiful experiment 
in the dark.—The fugar will give light for 
about a minute afterwards. 

V * ' i 

Experiment'XI. 

tT<? Jhew the Eff ect of the Shock fent over the 
Surjace of a Card or other Subfances . 

Put the extremities of two wires upon 
the furface of a card, or other body of an, 
elg&ric nature, fo that they may be in 

one 
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One direction, and about one inch diftancer 
from one another j then, by connecting one 
of the wires with the outflde of a charged 
jar, and the other wire with the knob of the 
jar, the {hock will be made to pafs over the 
card or pther body. 

If the card be made very dry, the lucid 
track between the wires will be vifible upon 
the card for a confiderable time after the 
explofion. If a piece of common writing- 
paper be ufed inftead of the card, it. will 
be torn by the explofibn into very fmalj 
bits. 

If, inftead of the card, the explofion is 
fent over the furface of a piece of glafs, 
this will be marked with an indelible track, 
which generally reaches from the extre¬ 
mity of one of the wires to the extremity 
of the other. In this manner the piece of 
glafs is very feidom broken by the explo-r 
fion. But Mr. Henly has difcoverecb a 
very remarkable method of increafing the 
effedt of the explofion upon the glafs j 
which is by preffing with weights that part 
of the glafs, which lies between the two 
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/wires, (/. e. that part, over which the lhock 
is to pafs). He puts firft a thick piece of 
ivory upon the glafs, and places upon that 
ivory a weight at pleafure, from one quarter 
of an ounce to fix pounds : The glafs in 
this manner is generally broken by the ex- 
plofion into innumerable fragments, and 
iomeof it is abfolutely reduced into an im¬ 
palpable powder. If the glafs is very thick, 
and refills the force of the explofion, l'o as 
not to be broken by it, it will be found 
marked with the moll lively prifmatic co¬ 
lours, which are occafioned by very thin la¬ 
minae of the glafs, in part feparated from it 
by the Ihock. The weight laid upon the 
glafs is always Ihook by the explofion, and 
fometimes it is thrown quite off from the 
ivory *. This experiment may be moll 
conveniently made with the univerlal dif- 
charger. Fig. 5. of Plate I. 

* If fmall reprefentatrons of houfes, See. be laid upon 
a board, placed on tiie piece of ivory; that, being fttook' 
by the explofion, will give a very natural idea of an 
earthquake. 
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Experiment XIL , 

To flew the Direction of the eledlric Fluid in 
the Difcharge, by caufing the Shock toga 
over the Surface of a Card. 

Difpofe the apparatus in the mannep 
defcribed in the preceding experiment, butt 
with this difference, that inffead of laying 
the extremities of both wires upon the 
fame fide of the card, one of them be placed 
under the card then fend a fhock through, 
the faid wires, as in the preceding experi¬ 
ment, and you will obferve, that the elediric 
fluid will run over that furface of the card, 
upon which lies the extremity of that wire, 
which is conneded with the pofitive fide of 
the jar; and in order to pafs to the extre¬ 
mity of the other v wire, it will break a hole 
through the card juft over the extremity of 
that wire, which is conneded with the ne¬ 
gative fide of the jar. 

This excellent experiment, which ftiowa 
the diredion of the eledric fluid in the dif¬ 
charge of a jar, is a difcoveiy of Mr. Lul- 
lin, of Geneva. 

• N-B, 
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N.B. With very large jars, this experi¬ 
ment has been obferved to pierce fcverdl 
holes, and in fuch a manner as to render the 
refill t not iatisfaftory. 


Experiment XIII. 

Tofwellthe Clay , and breakfmall Tubes •with 
the eleblric Explofion. 

Roll up a piece of foft tobacco-pipe clay 
in a fmall cylinder CJ>, fig. 4. Plate II. 
-and -infertin it two wires A, B, fo that their 
ends within the clay may be about a fifth 
part of an inch from one another. If a 
fhock be fent through this clay, by con¬ 
necting one of the wires, A or B, with the 
outlide of a charged jar, and the other with 
the infide, it will be inflated by the fhock, 
i. e. by the fpark, that happens between the 
two wires, and after the explofion will ap¬ 
pear as reprefented fig. 5. • If the fhock 
fent dirough it is too ftrong, and the clay 
not very moift> it will be broken by the ex¬ 
plofion, and its fragments Scattered in every 
direction. 
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To m^ke this experiment ^thrra little 
v^4ation r ta,ke a piece of the tubfgf #. to¬ 
bacco-pipe, about one inch long,, and fill 
its bore with moift clay, then infort in it 
two wires, as in the above rolled clay, and 
fend a {hock through it* This tube will 
not fail to burll by the force ef the eXplo* 
Jion, and its fragments will be fcattered 
about to a great diftance. 

If, in (lead of clay, the above-mentioned 
tube qf the tobacco-pipe, or a glafs tube, 
(which will anfwer as well) be filled with ' 
any other fubftance> either eleCtrie or non¬ 
electric, inferior to metal, on making the 
difcharge, it wifi -be broken in pieces with 
nearly the fame force. 

This experiment,is the invention of Mr, 
JLa.ne, i 7 . R. §*: 

Experiment XIV. 

To Jhorw the Courfe of the, ele^ric PluM ty 
the fpontflneous Difc barge* 

Take a coated phial of a fmall fize, and 
if the naked part of it, i. e. from its out- 1 

, fide 
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fide coating to the cork, is very dry, 
breathe upon it once or twice, fo as to ren¬ 
der it ilightly damp: then holding the 
phial by its outfide coating, prefent its 
knob to the prime Conductor, while the 
machine is in adtion, and you will fee, that 
after the phial has received a fmall charge, 
a beautiful brufh of rays will proceed from 
the cork, which, after going a little way 
into the air, turns its courfe towards the 
' outfide coating of the phial. If the phial, 
inftead of the prime Conductor, be pre-k 
fented to the infulated rubber, then the 
brufti, inftead of proceeding from the cork, 
will iflue from the outfide coating, and di¬ 
rect its courfe towards the cork or wire of 
the phial; lhowing beyond a doubt the 
truth of the hypothefis of a fingle eledWc 
fluid. - 

This experiment, which is of Mr. Hen- 
lit, requires a nicety of operation, with¬ 
out which it will not fucceed as above de-k 
fcribed. The quantity of moifture upon 
the phial; and the quantity of Electricity 
communicated by the machine, muft be of 

a degree. 
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a degree, which nothing bat practice caii 
determine. 

v . . t 

Experiment XVi , 

To make the elehlric Spark vifible in Wateri 

Fill a glafs tube, of about half ah inch 
diameter, ahd fix inches lorig, with water, 
and to each extremity of the tube addpt 
a cork, which may confine the water; 
through each cork infert a blunt wire, fo 
that the extremities of the wires within the 
tube may be very near one another; laftly, 
conneCt one of thefe wires with the coating 
of a fmall charged phial, and touch the 
other wire with the knob of it; by which 
means the (hock will pafs throdgh the 
wires, and caufe a vivid fpark to appear be¬ 
tween their extremities within the tube. 
In performing this experiment care mud 
be takCn, that the charge be exceedingly 
weak, other wife the tube will burft, 

C, fig. 14. Plate II. reprefents a com-, 
mon drinking-glafs almoft full of water. 
AB are two knobbed wires fo bent, that 

' their 
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their knobs may be within a little diftance 
of one another in the water. If one of 
thefe wires be connected with the outfide 
coating of a pretty large jar, and the other 
' tvire be touched with the knob of it; the 
explofion which muft pafs through the 
water from the knob of one of the wires! 
to that of the other, will difperfe the water, 
find break the glafs with a furpriling vio-* 
lence. This experiment is very dangerous 
if not conducted with great caution, 

i 

F. Beccaria conftru&ed a fmall mor-* 
tar, into which a drop of water was put, 

' between the extremities of twd wires 
which went through the Tides of the mor-* 
tar, and a wooden ball was applied over the 
drop of water; then a charged jar being 
difcharged through the wires of the mor¬ 
tar, and confequently through the drop of 
water, rarefied the latter, and drove the ball 
out with confiderable force. Mr. Lun 
tiN produced a greater effedt by making 
the difcharge through oil inftead of water, 
Bijjeftatio Phyjica, p. 26. 

T Expk* 


Digitized by Google 



274 A Complete Treatise 

Experiment XVI. 

Toprove that the eleCtric Spark displaces and 
rarefies the Air, 

Fig. 3. Plate II. reprefents an inftru- 
ment, which the inventor, Mr. Kin ner-. 
SLEY, calls the electrical Air 'Thermometer , 
it being very ufeful to obferve the effedts of 
the eledlric explofion upon air. The body 
of this thermometer confifts of a glafs 
tube AB, about ten inches long, and nearly 
two inches diameter, and clofed air-tight 
at both ends by two brafs caps. Through 
a hole in the upper cap, a fmall tube HA, 
open at both ends, is introduced in fome 
water at the bottom B of the large tube. 
Through the middle <?f each of the brafs 
caps, a wire. FG, El, is introduced, having 
a brafs knob within the glafs tube, and by 
Aiding through the caps, they may be fct 
at any diftaqce from one another. This 
inftrument is, by a brafs ring C, faftened 
to the pillar of the wooden ftand CD, that 
fupports it. When the air within the 

tub? 
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tube AB is rarefied, it will prefs upon the 
water at the bottom of the tube, which 
Will cotifequerttly rife in the cavity of the 
fmall tube; and as this water rifes higher or 
lower, fo it (hows the greater or left rare¬ 
faction of the air within the tube A B, 
Which has no communication with the ex-* 
ternal air. 

If the Water, when this inftrument is to 
be ufed, is all at the bottom of the large 
tube* (/. e> none of it is in the cavity of the 
fmall tube) it will be proper to blow with 
the mouth into the fmall tube, and thu^ 
caufe the water to rife a little in it; 
where, for better regulation, a mark may 
be fixed. 

Bring the knobs Cl of the wires IE, 
FG, into contaCt with one another, then 
conneCt the ring E or F, with one fide of 
a charged jar, and the other ring with the 
other fide, by which operation a fhock wijl 
be made to paft through the wires F G, 
IE, /. 4 . between the knobs E I. In 
this cafe you will obferve, that the water- 
in - the finall tube is not at all moved froth 
T a the 
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the mark ; which {hows, that the paflage of 
the eleCtric fluid through Conductors fuffi- 
ciently large, occafions no rarefaction, nor 
difplaces the air about them. 

Put the knobs G I, a little diftant from 
one another, and fetid a (hock through 
them as before, and you will fee that the 
fpark between the two knobs, not only dif¬ 
places, but rarefies conliderably the air $ 
for the water will be fuddenly pufhed al- 
moft to the top of the fmall tube, and im¬ 
mediately it will fubfide a little, as for 
inftancc as far as H; which is occafioned 
by the fudden difplacing and replacing of 
the air about the place, where the fpark 
appeared within the tube A B. After that 
the water has fubfided fuddenly from the 
firft rifing, it will then gradually and (low¬ 
ly come down- to the mark at which it 
(food before the explofion; which is the 
efFeCt of the air that was rarefied, and 
which gradually returns to its former tem¬ 
perature. ■ 

If this experiment be made in a room, 
where the degree of heat is variable, then 

proper 
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proper allowance mull be made for this 
c.rcumftance, in eftimating the event of the 
experiment; for the electrical air thermo¬ 
meter is affeCted by heat or cold in gene£> 
ral, as w ell as by that caufed by an eleCtric 
fpark. . r 

Experiment XVII. > 

To Jire Gun-powder. 

Make a fmall cartridge of paper, and fill 
it with gun-powder, or elfe fill the tube of 
a quill with it; infert two wires, one at each 
extremity, fo that their ends within the 
quill, or cartridge, may be about one-fifth 
of an inch from one another; this'done, 
fend the charge of a phial through the 
wires, and the fpark between their extremi¬ 
ties, that are within the cartridge or quill, 
will fet fire to the gun-powder. If the gun¬ 
powder be mixed with fteel filings, it will 
take fire more readily, and with a very fmall 
ihock. 


T 3 Expe- 
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Experi men t XVIII* 

■5T? light a Candle by the Difcharge of a Jar, 

Take a wire of the fi2e of a common 
knitting-needle, and by means of a fmall 
flexible wire or a chain, let one end of it 
communicate with tfaeioutfideofa jar, that 
at leaft contains about ten inches of coated 
Surface. To the other end of the thick 
wire fome cotton mull be twifted, but very 
Joofely, fo as to form a head round, and to 
Conceal the extremity of the wire entirely. 
This head of cotton mud be rolled in pow¬ 
der of lycopodium, or, which anfwers bet¬ 
ter, in powder of rofin ; by which means a 
good deal of the powder will flick to the 
cottonthis done, the jar is charged, and 
then the head of cotton, &c. is brought to¬ 
wards its knob rather quickly, lb as to caufe 
the jar to difcharge through the cotton, by 
which means the cotton will be inftantly 
let on lire, and will laft long enough to light 
a candle thereby.—This is a very pleafing 
experiment, contrived by Dr. Ingkn- 

Expe- 
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Experiment XIX. 

*To jlrike Metals into Glafs. 

Take two flips of common window-glafs 
about three inches long, and half an inch 
wide j put a fmall flip of gold, fllver, or brafs 
leaf, between them, and tie them together, 
or elfe prefs them together between the 
boards of the prefs H, belonging to the 
univerfal difchargcr, fig. 5. Plate I. leaving 
a little of the metallic leaf out of the glaffes 
at each end j then fend a fhock through this 
metallic leaf, and the force of the explofion 
will drive part of the metal into fo clofe a 
contact with the glafs, that it cannot be 
wiped off, or even be affected by the com¬ 
mon menftrua, which ©therwile would dif-> 
fblve it. 

In this experiment the glaffes are often 
Shattered to pieces j but whether they are 
broken or not, the indelible metallic tinge 
will always be found in feveral places, and 
fometimes through the whole length of both 
glaffes. 

T 4 Expe- 
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Experiment XX. 

Jiain the Paper, or Glafs. 

. Lay a chain-, which forms a part of' the 
circuit between the two fides of a charged 
jar, upon a fheet of white paper, and if a 
fhock be fent through it, the paper will be 
found ftained with a blackifh tinge at every 
juncture of the links. If the charge be very 
.great, the paper, inftead of being ftained 
with fpots, is burnt quite through. If the 
chain be laid upon a pane of glafs, inftead 
of paper, the glafs will often be found ftained 
with fpots in feveral places, but (as might 
be expedited) not fo deep as the paper. 

If this experiment be made in the dark, 
a fpark will be feen at every jundture of the 
links, from which place a kind of radiation 
alfo proceeds; and if the links are frnall, 
and the fhock pretty ftrong, the chain will 
appear illuminated like a line of fire; which 
fhows that the eledtric fluid meets with 
fome refiftance in palling from one link of 
the chain to another. 


Expb- 
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Experiment XXI. 

I’he lateral Explofion. 

If a jar be difcharged with a difcharging 
rod that has no eledric handle, the hand 
that holds it, in making the difcharge, 
feels lbme kind of (hock, efpecially when 

the charge is confxderable.-In other 

words: A perfon, or any conduding fub- 
ftance, that is conneded with one fide of a 
jar, but forms no part of the circuit,, will 
feel a kind of (hock, i. e. fopie effed of the 
difcharge. This may be rendered vifible 
in the following manner. Conned with 
the outfide of a charged jar* a piece of 
chain; then difcharge the jar through 
another circuit, as for inftance, with a dif¬ 
charging rod in the common way, and the 
chain that communicates with the outfide 
of the jar, and which makes no part of the 
circuit, will appear lucid in the dark, /. e. 
fparks will appear between the links; 
which (hews that the eledric fluid natural 
to that chain, mud by feme means have 

been 
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been difturbed. This chain will alfo ap-» 
pear luminous* when it is not in eontadt with 
the dutfide of the jar, but only very near 
it j and on making the difeharge, a fpark 
will be feen between the jar and the end of* 
the chain near it. This eledtrical appear¬ 
ance oilt of the circuit of a difeharging jar, 
is that wihifch we call the lateral Exphjion : 
Uhd to make it appear in the moft confpi- 
fcuous manner,'obferve the following me* 
ihod, Which is of Dr* Priestley* 

Whfcft iayjar is charged, and ftands Updn 
the table as ufual, infulate a thick metallic 
Fod, and place it fo that one of its ends may 
be Contiguous to the ouiide coating of the 
jilf} and "within about half an inch of its 
Othef'em?, place a body of about fix or feven 
’feet in ".length,'and a few inches in breadth; 
theft jrtit a chain upon the table, fo that ope 
tif its ehds may be about orte inch and a 
llatf chftant From the coating of the jar; to 
the Other *end of the chain apply one knob 
Of 'the 'difeharging rod, and bring the other 
knob to'the wire of the jar in order to make 
the tfxpi'oliorti On .making the difeharge 
in this manner,, a ftrbrig fpafk wiU be feen 

between 
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between the infulated rod, which commu* 
nicates with the coating of the jar, and the 
body near its extremity, which fpark does 
not alter the ftate of that body in refpeCt to 
Electricity; hence it is imagined, that this 
lateral fpark flies from the coating of the 
jar, and returns to it at the feme in flan t, 
allowing no perceptible fpace of time, in 
which an electrometer can be affeCted. 
Whether this lateral explofion is received 
on flat and fmooth furfaces, or upon (harp 
points, the fpark is always equally long 
and vivid. 

The caufe of this phenomenon leems to 
*be the interruption in the circuit, made by 
introducing bad Conductors into it j for, 
as this interruption is greater or lefs, lb 
the lateral explofion is more or lefs con- 
£derab!e. 


CHAP. 
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CHAP. VIIL 

Experiments ’with other charged Electrics. 

T HAT the experiments made with 
other charged electrics are funilar 
.t0 thofe made with charged glafs, is very 
evident} fince it has been obferved in the 
Firft Part of this work} andalfo in the ex¬ 
periments already defcribed, that the pro- • 
perty of being charged, of exploding, &c. is, 
hot inherent in glafs, as glafs, but, as being 
impervious to the eledtric, fluid; and in 
COnfequence, it mull be common to ail 
fiich fubftances, which, like glafs, are im¬ 
pervious to that fluid: therefore, under 
The title of experiments with other , elec¬ 
trics, I mean to defcribe experiments, njt 
Of a different nature from the above-men¬ 
tioned, but only the manner of coating 
aiid ufing other eledtrics, which are not 
lb manageable as glafs, but at the fame 
time, have feme peculiar advantages. 
Thefe methods I fhall reduce to three,/, e. 
firft, that of making tlje experiment of* - 

charging 
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charging a plate of air; fecondly, the me^ 
thod of coating refinous fubftances; and 
laftly, a method of trying other ele&rics, 
that are in a fluid ftate. 

Experiment I. 

To charge a Plate of /.Hr. 

Take two fmooth circular boards, quite 
plain, and each about three or four feet 
in diameter j coat one fide of each with 
tin-foil, which fhould be parted down, 
burnifhed, and turned over the edge of the 
board. Th'efe boards muft be both infill 
lated, parallel to one another, in an hori¬ 
zontal pofition j they muft be turned with 
their coated fides towards each other, and 
fhould be placed in fuch a manner as to be 
eafily moved towards, or from each other $ 
to do which, it will be proper to fix to one 
of the boards a ftrong fupporter, of glafs 
or baked wood, and to fufpend the other 
by filk firings from the cieling of the 
room j from which, by a proper pulley, it 
may be lowered or raifed, fo as to be at any 
required diftance from the lower board, 
which may be placed upon a table, 

• Wh?9 
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When thefe boards are placed in the 
manner above defcribed, and at about one 
inch diftance from one another, they may 
be ufed exaCtly as the two coatings of a 
pane of glafs. If one of the boards be con¬ 
nected with the electrified prime Conduc¬ 
tor, and the, other be left infulated,/ they 
will receive no charge, agreeable to the fe-, 
cond experiment of the preceding chapter j 
and if after fome time you touch them, you 
will receive only a fpark from the upper 
board, in confequence of its being con¬ 
nected with the electrified prime Conduc¬ 
tor. If, whilfl: one of the boards is receiv¬ 
ing EleCtricity, the other communicates 
with the earth, then the plate of air be¬ 
tween them will be charged, like a coated 
plate of glafs; for that board which com¬ 
municates with the earth will acquire an 
EleCtricity contrary to that of the other 
board; and if you touch them, i. e. make a 
communication between them, they will 
explode, give the fhoek» &c. fimilar to a 
charged jar. 

In this experiment it cannpt bp efcppCted, 
that fuch an explosion* and with fuch a 
§ krce* 
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force, will be produced, as by an eejual fijF* 
face of poated glafs ; for here the coatings 
cannot be brought fo near one another ag to 
render them capable of a high charge, be* 
caufe the plate of air, being muchlefs pom* 
pad than glafs, may be easily broken by the 
force of the charge, i. e. it may eafily djf* 
charge itfelf, Notwithftanding, however, 
that a plate of air is not capable of receiv¬ 
ing a very high charge, yet this experiment 
has a great advantage, which is, that here 
\ve may fee what pafles between the two 
pdatings, either in charging or difcharging 
the plate of air ; and we may introduce fe* 
veral things into the fubftance of this 
coated eledric, which produce feveral re* 
markable* appearances. ]By this expert* 
ment the true ftate of the earth, when 
covered by eledrified clouds, may be re- 
prefented exceedingly well; and feveral 
meteors, that happen in that ftate, and 
which are thought to be effeds of Elec¬ 
tricity, may be imitated ; fuch as water- 
fpouts. and whirlwinds, beftdes the well- 
jcnown eledrical phenomena, thunder ah4 
lightning. 


Digitized by Google 



288 .^ Complete Treaties 

In order to reprefent a water-fpout, as it 
is often obferved at fea, place the two 
boards at about two inches diftance from 
one another: put a large drop of water 
about the middle of the loweft of them, 
and fix a metallic ball, or any other piece cf 
metal that is fomewhat fpherical *, to the 
tipper board, juft oppofite to, and at about 
half an inch diftance from the furface of the 
water. If in this fituation the upper board 
be electrified, whilft the lower communi¬ 
cates with the earth, the water, which re- 
prefents the’ fea, will be attracted by the 
metallic ball, which reprefents a cloud, 
and riling nearly in a conical body, will af¬ 
ford a pretty good reprefentation of the 
water-fpout -f-. 

’ The 

* The metallic covering offorne kind of coit-buttonJ 
anfwers exceedingly well, and may be palled on the tin- 
foil coating of the board. 

f The knob of a charged bottle, being brought near 
the water in a metal plate, or common earthen- ware 
faucer, {hews this experiment in a Ample and beauti* 
ful manner; If a large drop of water be placed upon 
the knob of an infulated charged bottle, and the knob 
of another bottle, charged with the contrary EleflrP 
city* be brought near the drop of water* it will bd 
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The appearance of a whirlwind is but 
feltjom, and by chance to be obferved. 
The bran between the two plates, F, P, fig. 

2. Plate I, is fometimes whirled like the 
dull in a whirlwind $ but there is no certain 
rule, that I know, for producing this phe¬ 
nomenon. ; 

I , 

In order to fucceed in this experiment, 
Mr. Bjecket directs to place the boards 
above-mentioned about four or five inches 
afunder, and to put fome bran, and very 
finall bits ©f paper, about the center of the 
lower board. If in this fituation the up- • 
per board be connected with the eledtrified 
prime Conductor, and the lower one be 
either connedted with the ground or with 
the rubber of the machine,' the bran, and , 
bits of'paper, will be attradted and repelled, N 
alternately, by the boards. “ But (fays 
Mr. Becket *) “ the moft furprifing ap- 
** pearance in this experiment, and what 
“ gives it the moft exadt refemblance of a 

fquirted away in a curious manner, particularly if the 
coating of the infulated bottle be touched at the fame 
time. 

• In his Efflay on Ele&ricity, p. 141. 

U “ whirl- 
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♦ ' 
whirlwind, is that fometimes, when the 

44 Electricity is very ltrong, a quantity of 

“ the paper and bran will accumulate in 

“ one place, forming a kind of column 

“ between the boards, and fuddenly ac- 

“ quire a fwift horizontal motion, moving 

** like a whirling pillar to the edge of the 

44 boards, and from thence fly off, and be 

44 fcattered about the room to a confider- 

44 able diftance. I own I am entirely at a 

“ lofs to account for this extraordinary ap- 

44 pearance—I call it extraordinary, be- 

“ caufe it but feldom occurs", and feems to 

4< depend either on a certain degree of at-; 

44 traCtion, quantity of the bran, or dif- 

44 tance between the boards; and I could 

“ feldom get it to fucceed perfectly but by 

44 accident.” 

The phenomena of thunder and light¬ 
ning are exhibited at the fame time by a 
lpontaneous difcharge of the plate of air; 
which may be eafily produced by fetting- 
the boards at about an inch diftance from 
each other, and electrifying them ftrongly. 

Expe- 


■ Digitized by Google 



w Electricity.. *9* 

Experiment II. 

To coat rejinous EleBrics. , 

The heft method to coat fuch electrics a$ 
rofin, feaiing-wax, 6cc. that can eafily be 
melted, is firft to put a circular piece of 
tin-foil, about two inches lefs in diameter 
than the plate you intend to make, upon 3 
marble table; then, to pour over it the 
ele&ric jull melted. This may be fpread 
and flattened by prefling it with a pane of 
glafs, or any thing that is even and fmooth ; 
afterwards, another piece of tin-foil, equal 
to the former, is to be ftuck upon the elec¬ 
tric, which may be-done by prefling it gently 
with a hot iron; and then the plate, which, 
when, cold, may be eafily feparated from the 
jnarble table, will be fit for ufe. 

A 

t 

Experiment. III. 

4 To infulate fiuld Eledlrics. 

Take a large earthen difh, flat at the 
bottom, and ftick within it a piece of tin- 
U 2 foil 
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foil about an inch Shorter than the flat part 
of the difh all round, arid through a fmall 
hole, made in the bottom of the difh, intro¬ 
duce a flender >vire, which muft communi- 
cate with the tin-foil; then pour into the 
difti Tome melted tallow, or other, eledtric 
fubftances that you defire to try ; laftly, let 
a round brafs plate*, equal to the tinfoil 
Ituck in the difh, and either proceeding from 
a glafs arm or from the prime Conductor, 
juft touch the furface of the eledtric in the 
difli, and let it ftand parallel, and oppofite 
to the tin-foil ftuck in its bottom. In this 
manner the plate of liquid eledtric is coated, 
and may be eaftly fubjeded to experiments. . 

Plates of other confiftent. eledtrics, that 
cannot eafily be melted, may be .coated in 
the fame manner as a plate of. glafs; and* 
fome of them will be found to. anfwer as 
well, if not better than glafs. 

* The brafs plate F, fig. 2 . of Plate I, may be very 
ufeful for this purpofe. 
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CHAP. IX. 

Experiments on the Influence of Points , and 
the TJfefulnefs of pointed metallic Conduc¬ 
tors , to defend Buildings from the Ejfetts of 
Lightning. 

M Y reader, in the courfe of this work, 
mull have obferved in feveral of the 
experiments already defcribed, the remark¬ 
able property ( that points have, both of 
throwing off and rtczWmgfllently the elec¬ 
tric fluid; but in this chapter I (hall dc- 
fcribe fome more curious experiments of this 
.kind, by which the influence of points, in 
refpeCt to Electricity, may be better under- 
ftood, and which may, in a more particular 
manner, demonftrate the utility of metallic 
Conductors to houfes, or piles of building, 
in order to preferve them from the damage 
often occafioned by a ftroke of lightning j 
which is one of the greateft benefits that 
mankind has received from the fcience of 
EleCtricitv. 

U 3 Expe- 
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Experiment I. 

*To difcharge a Jar Jilently. 

When a large jar is fully charged, which 
would give a terrible fhock, put one of your 
hands in contact with its, outfide coating; 
with the other hold a fharp-pointed needle, 
and, keeping the point directed towards the 
knob of the jar, proceed gradually towards 
it, until the point of the needle touches the 
knob. This operation difcharges the jar 
entirely, and you will either receive no Ihock 
at all, or fo fmall a one as can hardly be per¬ 
ceived. The point of the needle, therefore^ 
has lilently and gradually drawn all the fu- 
perfluous fluid from the inflde furface of the 
ele&ric jar. 

Experiment II. 

Drawing the Electricity from the prime Con¬ 
ductor by a Point. 

Let a perfon hold the knob of a brafs rod 
at fuch a distance from the prime Conductor, 
that fparks may eafily fly from the latter to 
the former, when the machine is ip motion. 
Then let the winch be turned, and, while 
the fparks are following one another, pre- 
fent the /harp point of a needle, at nearly 

twice 
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twice the diftance from the prime Conduc¬ 
tor tha.t the knobbed rod is held; and you 
will obferve that no more fparks will go to 
the rod;—remove the needle entirely, and 
the fparks will be feen again ;—prefent the 
needle, and the fparks difappe'ar j which evi¬ 
dently fhows, that the point of the needle 
draws off filently almoft all the fluid that the 
cylinder throws upon the prime Conductor. 
If whilft the pointed needle Hands prefented 
to the Conductor you form the finger and 
thumb of your hand like a ring, and furround 
the point of the needle, its action will be 
fuppreffed, as is manifefted by the fparks 
which go to the rod, which' fhews that a 
point will ad as a point only whilft: it re¬ 
mains free and difencumbered; but not when 
furrounded by other bodies. 

If the needle be fixed Upon the primp 
Conductor with the -point outward, and the 
knob of a difcharging rod, or the knuckle of 
a finger, be brought very near the prime 
Conductor, though the excitation of the cy¬ 
linder may be yery ftrong, yet you will per¬ 
ceive that no fpark, or only an exceeding 
imall one, can be obtained from the prime 
Condudor, • 

U4 Expe- 
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Experiment III. 

The eleftric Fly. 

Fix the fly, defcribed in the third chsepr 
ter, upon the prime Conductor, as repre- 
fented by D, fig. 2, of Plate Ij then turn 
the winch of the machine, and the fly will 
immediately begin to move round in an ho¬ 
rizontal pofition, and in the direction of 
the letters abed; i. e. contrary to the. 
direction of the points of the wires.' If the 
experiment be repeated with a Conductor 
negatively electrified, the fly will turn the 
fame way as before, viz. in the direction 
of the letters abed. The reafon of this 
experiment depends upon the repulfioix 
exifting between bodies poflefied of the 
fame EleCtricity; for whether the fly is 
electrified pofitively or negatively, the air 
oppofite to the points of the wires (on ac¬ 
count of the points eafily tranfinittingp 
Electricity) acauireth a ftrong EleCtricity* 
analogous to that of the points ; and there¬ 
fore the air and the points muft repel each 
Other. This explanation is confirmed, by 

obferving 
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obferving that the above fly not only does 
not move in vacuo; but even, if placed 
under a clofe receiver, it will turn but for 
a little while, and then flop j for the quan¬ 
tity of air contained in the receiver, may 
become readily, and equally electrified*. 


Experiment IV. 

The electrified Cotton. 

Take a fmall lock of cotton, extended 
in every direction as much as can conve¬ 
niently be done, and by a linen thread about 

* If, when the fly under the clofe receiver is flop-- 
ped, you put the end of a finger on the outfide of the 
glafs, oppofite to one of the points of the fly, this will 
move again brifklyj and by altering the pofition of 
your finger occafionally round the glafs, you may con-* 
tinue its a£tion a confiderable time, viz . till moft of 
that part of the glafs is charged. In this cafe, when 
the finger is applied on the outfide of the receiver, the 
glafs lofmg part of its natural eledtric fluid from the 
outfide (u e. when the fly is ele&rified pofitively, or vice 
verfa , when negatively) receives the fluid of the electri¬ 
fied-air on its infide furface; hence this air is put in a 
4 late of being again ele&rified by the point of the fly, 
flrjuch renews the motion* 

five 
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five or fix inches long, or by a thread 
drawn out of the fame cotton, tie it to the 
end of the prime Conductor; then let the 
winch of the machine be turned, and the 
lock of cotton, on being electrified, will 
immediately fwell, by repelling its fila¬ 
ments from one another, and will ftr^tch 
itfelf towards the neareft Conductor. In 
this fituation let the winch be kept turn¬ 
ing, and prefent the end of your finger, or 
the knob of a wire, towards the lock of 
cotton, which will then immediately move 
towards the finger, and endeavour to touch 
it; but take with the other hand a 
pointed needle, and prefent its point to¬ 
wards the crotton, a little above the end of 
the finger, and you will obferve the cotton 
immediately to fhrink upward, and move 
towards the prime Conductor. Remove 
the needle, and the cotton will*come again 
towards the finger. Prefent the needle, 
and the cotton will fhrink again : which 
clearly fhew's, that the needle; being lharp- 
pointcd, draws off the eledtric fluid from 
the cotton, and puts it in a ftate of being 
attracted by the prime Conductor ; which 
Could not be effected by a wire having* 

blunted 
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blunted end, or a round ball for its termi¬ 
nation. 

Experiment' V. 

*Tbe electrified Bladder . 

Take a large bladder, well blown, and 
Cover it with gold, filver, or brafs leaf, 
/ticking it with gum-water; fufpend this 
bladder at the end of a /ilk thread, at leait 
fix or feven feet long, hanging from the 
-» cieling of the room, and eleCtrify the 
bladder, by giving it a ftrong fpark with 
the knob. of a charged bottle : this done, 
take a knobbed wire, and prefent it to the 
bladder when motionlefs, and you will 
perceive, that as the knob approaches the 
bladder, the bladder alfo moves towards 
the knob, and when nearly touching it, 
gives it the fpark, which it received from 
the charged phial, and thus it becomes un- 
electrified. Give it another fpark, and, 
jnltead of the knobbed wire, prefent the 
point of a needle towards it, and you will 
perceive that the bladder will not be at¬ 
tracted by, but rather recede from the 

point* 
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point, efpecially if the needle be very fud- 
denly prefented towards it.—This is one of 
Mr. Henly’s experiments. 

Before we proceed to the practical ufe of 
pointed Conductors to buildings, in order 
to defend them from lightning (which is 
nothing more than the proper application 
of the preceding experiments) it will be 
proper to fay fomething in explanation of 
the above property of points, which a few 
years ago occafioned feveral controVerfies. 

In order to this,- it thould be remembered, * 1 
that the eledric fluid fuperinduced upon 
an infulated body, .is confined upon that 
body by the air which furrounds it. Fur¬ 
ther, that Eledricity, by being continue 
ally communicated to the air, which is 
never a perfed eledric, is gradually diffi- 
pated; from whence follows this very evi¬ 
dent principle, i, e. that as a greater or lefs 
quantity of air is contiguous to a given 
quantity of eledrified furface, fo that fur- 
face lofeth its Eledricity fdoner or later. 
Suppofe, for inflance, that a pointed needle 
is fixed upon the prime Condudor; mark 
a dot upon any part of the prime Conduc¬ 
tor, 
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tor, which may be nearly equal • to the 
point of'the needle,-and then electrify the 
prime Conductor. Now. it is evident to 
bare infpeCtion, that although the point of 
the needle and the dot, &c. are of equal 
furfaces, yet the former is expofed to a quan¬ 
tity of air, which almoft entirely furrounds 
it, and which is vaftly greater than the air 
contiguous to the latter; hence, the Elec¬ 
tricity, communicated to the prime Con¬ 
ductor, is diflipated' more eafily from the 
point of the needle than from the dot, or 
any other part of the prime Conductor. 
Befides, the air about the point may more 
eafily be moved, in confequence of the 
electrical repulfiort, than at any other part 
of the furface; of the prime Conductor, and 
new air, /. e. uneleCtrified air, pafles more 
frequently by ft, which taking always part 
of * the Electricity of that body, promotes 
aMctitsf diffipation. 

- In the fame manner may be underftood, 
why_the Electricity is more eafily -diffi- 
pated at (harp edges-and corners, than at 
flat ones; for as the furfaces of bodies in 
general are more or lefs plain, fo they are 

expofed 
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expofed to a lefs or greater quantity of air 
and participate more or lefs of the nature 
and properties of points. 

When the pointed body is negative!/ 
electrified, it is for the fame reafon that it 
acquires the eleCtric fluid through the 
point, eafier than through any other part 
of its furfacej t. e. becaufe the point ex¬ 
hibiting the leaft furface to the greateffc 
quantity of free air, has. the greateft num¬ 
ber of particles of air, from which it can 
extract the eledric fluid*.' 

Experiment VI. 

The Thunder-houfe. 

Fig. i. of Plate II; is an ihftrument re- 
prefenting the fide of a houfe, either far— 
niihed with a metallic Conductor, or .riot ; . 
by which both the bad effects of lightning 
itriking upon a houfe not properly fe- 
Cured, and the ufefulnefs of metallic .Con-• 

* For a more particular explanation of the above- 
mentioned property of points, fee Bsccaria’s Artifi¬ 
cial Ele&ricity. 

duCtors, 
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du&ors, may be clearly reprefented. A is a 
board about three-quarters of an inch 
thick, and lhaped like the gable-end of a 
houfe. This board is fixed perpendicu¬ 
larly upon the bottom board B, upon 
which the perpendicular glafs pillar CD : 
is alfo fixed, in a hole about eight inches 
diftant from the balls of the board A. A 
fijuare hole, ILMK, about a quarter of 
an inch deep, and nearly one inch wide, is- 
made in the board A, and is filled with a 
fquare piece of wood, nearly of the fame 
dimenfions, I mention nearly of the fame 
dimenfions, becaufe it mull go' fo eafily 
into the hple, that it may drop off by the. 
leaft lhaking of the inftrument. A wire, 
LK, is fallened diagonally to this fquare' 
piece of wood. Another wire, IH, of the. 
lame thicknefs, having a brafs ball, H, 
licrewed on its pointed extremity, is, faf- 
tened upon the board A; fo alfo is the, 
wire MN, which is lhaped in a ring at O.. 
From the upper extremity of the glafs 
pillar CD, a crooked wire proceeds, 
having a fpring focket F, through which 
a double-knobbed wire flips perpendicu¬ 
larly, the lower knob G of which falls jult 
7 above 
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above the knob H, The glafs pillar DC 
muft not be made very fa ft into the bot¬ 
tom board; but it muft be iixed fo ad 
to be pretty eafily moved round its own 
axis, by which means the brafs ball G may 
be brought nearer or farther from the ball 
H, without touching the part EFG. 
Now. when the fquare piece of wood 
LM'IK (which may reprefent the ftiutter 
of a window or the like) is fixed into the 
hole fo, that the wire LK Hands in the 
dotted reprefentation IM, then the me¬ 
tallic communication from H to O, is 
complete, and the inftrument reprefents a 
houie furnilhed with a proper metallic 
Conductor; but if the fquare piece of 
wood LMIK is fixed fo, that the wire 
LK Hands in the direction LK, as repre- 
fented in the figure, then the metallic Con¬ 
ductor HO, from the top of the houfe to 
its bottom, is interrupted at IM, in which 
cafe the houfe is not properly lecured. 

Fix the piece of wood LMIK, fo that 
its wire may be as rcprefented in die 
figure, in which cafe the metallic Conduc¬ 
tor HO is difcontinued. Let the ball G 
' 8 be 
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be fixed at about half an inch perpendicu¬ 
lar'diftance from the ball H,- then, by 
turning the glafs pillar DC, remove the 
former ball from the latter : by a wire or 
chain conned: the wire EF with the wire 
Q^of the jar P, and let another wire or 
chain, fattened to the hook O, touch the 
outfide coating of the jar. Connect the 
wire Q^with the prime Condudor, and ’ 
charge the jar ; then, by turning the glafs 
pillar DC, let the ball G come gradually 
near* the ball H, and when they are arrived 
fufEciently near one another, you will ob-. 
ferve that the jar explodes, and the piece 
of wood, LM1K, is puttied out of the 
hole to a confiderable diftance from the 
thunder-houfe. Now the ball G, in this 
experiment, reprefents an eledrified cloud; 
which, when it is arrived fufficiently near 
the top of the houfe A, the Eledricity 
ftrikes it, and, as this houfe is not fecured 
with a proper Condudor, the explofion 
breaks part of it, /. e. knocks off "the piece 
of wood 1M. 

Repeat the experiment with , only this 
variation, viz. that this piece of wood 1M 

X ■ ‘ ii 
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Is fituated fb, that the wire LK may Hand 
in the fituation IMj in .which cafe tile 
Conductor HO is not difcontinued j and 
you will obferve, that the explofion will 
have no effect upon the piece of wood 
LM,* this remaining in the hole un¬ 
moved j which fhews the ufefulnefs of the 
metallic ConduCtor. 

Further: Unfcrew the brafs ball H from 
the wire HI, fo that this may remaiji 
pointed, and, with this difference only in 
the apparatus, repeat both the above expe¬ 
riments j and you will find that the piece 
of wood IM is in neither cafe moved fiom 
its place, nor any explofion will be heard ; 
which demonftrates the preference of Con¬ 
ductors with pointed ter mination s to thofe 
with blunted ones. i > ' 

* To prove farther the preference of point¬ 
ed Conductors to blunt ones, the experi¬ 
ment of the electrified cotton (viz . the fourth 
experiment of this chapter) may be eafily 
repeated with this apparatus; by which 
if may be fhewn, that a pointed Conductor 
filently drawing off the eledhic fluid from 

the 
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the fmall clouds near it, which are repre- 
fented by the cotton tied to the wire of the 
ball G, repels them, and may thus, in fome 
cafes, perhaps, actually prevent a ftroke of 
lightning; whereas the blunted Conductor 
facilitates it. Small feathers may alfo be 
tied near the knob G, which, by repelling 
one another, may exhibit a better reprefen- 
tation of an ele&rified cloud; and, in fhort, 
with a little contrivance, the above-defcribed 
apparatus, commonly called the Thunder-* 
boufe , maybe adapted to reprefent the prin¬ 
cipal phenomena of lightning, together with 
feveral circumftances preceding, or follow¬ 
ing it. 


Xi C H A K. 
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CHAP. X. 

' \ 

. Experiments with the ekcirical Battery. 

T HE force of accumulated Electricity, 
great as it appears by the experiments 
performed with a fingle coated jar, is very 
' fmall when compared with that, which is, 
produced by a number of jars connected to¬ 
gether; arid if the effedts of a fingle jar are 
furprifing, the prodigious force of a large 
battery is certainly aflonifhing. To obferve 
that the metals, even the moll purified pla- 
tina, which refills die greateft efforts of che- 
mic fire, are actually, and almofl inftanta- 
neoufly rendered red-hot, and fufed; to fee 
animals deflroyed; and to hear the loud re¬ 
port of a large eledtric battery, are things that 
always produce a kind of terror in the mind 
of an attentive obferver. Experiments of this 
kind fhould be condudted with great caution, 
and the Operator ought to be attentivenot 
only to the bufinefs in hand, but alfo to the 
perfons who may happen to be near him, 
prohibiting their touching, or even coming 
too near any part of the apparatus; for if a. 
miftake in performing other experiments 
* . may 
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paay be difagreeable, thofe in die difcharge 
of a large battery may be attended with 
■vyorfe confequences. 

When a battery is. to be charged, inftead 
of a large prime Conductor, a fmall one is 
much more convenient; for, in this cafe, the 
diffipation of the Electricity is not lb confix 
derable. The quadrant electrometer, which 
fhetys the height of the charge in the bat* 
tery, may be fixed either upon the prime 
Conductor, or upon the battery; in which 
latter cafe, it ihould be placed upon a rod 
proceeding from the wires of the jars, and 
if the battery be very large, it ihould be ele¬ 
vated two or three feet above them. Even 
in comipon ufe, viz. when placed upon the 
prime Conductor, as fhewn in fig. 2. Plate 
jh.the quadrant electrometer lhould be ele¬ 
vated fome inches above the furface of the 
Conductor. 

The index of the electrometer in charg¬ 
ing a large battery will feldom rife fo high 
as 90°, becaufe the machine cannot charge 
a battery £0 high in proportion, as a fingle 
jar. Its limit i$ often about 6o° or 70% 
X 3 
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more or lefs in proportion to the fize of the 
battery, and the force of the machine. 

Experiment I. 

To melt Wires. o 

Connect with the hook, communicating 
with the outfide coating of a battery, con¬ 
taining at leaft thirty fquare feet of coated 
furface, a wire, that is about one-fiftieth part 
of an inch thick, and about two feet long; 
the other end of it mail be fattened to one 
end of the difcharging rod j this done, charge 
the battery, and then, by bringing the dif¬ 
charging rod near its wires, fend the explo- 
fion through the fmall wire, which, by this 
means, will be made red-hot, and melted, fb 
as to fall upon the floor in different glowing 
pieces. When a wire is melted in this 
manner, fparks are frequently feen at a 
confiderable diftance from it, which are red- 
hot particles of the metal, that by the vio¬ 
lence of the cxplofion are fcattered in all di¬ 
rections. If the force of the battery is very 
great, the wire will be intirely difperfed by 
the explofion, fo that none of it can be after¬ 
wards found. 

By 
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By repeating this experiment with wires 
of different metals, and the fame force of 
explofion, it will be found that feme metals 
are more readily fufed than others, and 
fome not at all affected j which fhows the 
difference of their conducting power. If 
it be required to melt fuch particles of 
metals* that cannot eaiily be drawn in 
wires, as ores, grains of platina, fee. they 
may be fet in a train upon a piece of wax; 
this train may be inferted in the circuit, and 
an explofion may be fent through it, which, 
if it be fufficiently ftrong, will melt the 
metallic particles, as well as the wires: or, 
if the quantity to be tried be large epough, 
it may be confined in a fmall tube of glafs. 

In melting wires of a confiderable length, 
it is often obferved, that when the force of 
the explofion is juft fufficient to render the 
wire red-hot, the rednefs begins firft from 
one end of it, namely, that which commu¬ 
nicates with the pofttivd fide of the bat¬ 
tery, and from thence gradually proceeds to 
the other end. This is another ocular de- 
monftration of the theory of a fingle eleCtric 
fluid. Indeed the wire is not rendered red- 
X 4 ' hot 
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hot in one place before the other, in con- 
- fequence of the ele&ric fluid pafling firft 
through the former, and then through the 
latter, for that difference of time is by far too 
fmall to be obferved j but, becaufe the elec¬ 
tric fluid lofes fome of its impetus, or velo¬ 
city, in going through the wire j hence the 
part of the wire which the electric fluid 
enters, fuffers the greateft effedt of the 
fhock, and, confequently, becomes red 
fooner, and in a greater degree, : 

If a wire be ftretched by weights, afid a 
fhock be fent through it, which fenders it 
juft red-hot, the wire, after, the exploflon, 
will be found confiderably lengthened j but 
if the wire be left loofe, after a fimilar ex- 
plofion it will be found Shortened *, If a 
wire be melted upon a piece of glafs, the 
glafs, after the exploflon, will be found 
marked with all the prifmatic colours. 

*Tlfc is a late obfervation of Mr. EdwarB. 
Nairns. See the Phil. Tranf, v<A LXX, 
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Experiment II. 

3 0 r&zr the el 0 ric Fluid prefers a Jhort 

Pafage through the Air, to a long one 
through good Conductors, 

Bend a wire about five feet long in the 
form repreiented by fig. n. Plate II. fo 
that the parts AB may come within half 
an inch of one another ; then conned! the 
extremities of the wire with the hook of 
the battery, and the difcharging-Tod, as 
diredted in the preceding experiment, and 
fend the charge of a battery through it. 
On making the explofion, a fpark will be 
feen between A and B, which £hows that 
the eledtric fluid choofes rather a Ihort 
paflage through the air, than the long one 
through the wire. The charge, however, 
does not pafs intirdy through A and B, 
but part of it goes alfo through the wire; 
which may be proved by putting a (lender 
wire between A and B ; for, on making the 
difcharge with only this addition in the ap- 
paratus, the fmall wire will be hardly made 
red-hot; whereas, if the large wire ADB 
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be cut in D, fo as to difcontinue the cir¬ 
cuit ADB, the lrnall wire will be melted, 
and even exploded, by the lame Ihock that 
before made it fcarcely ^ed-hot. In this 
manner (fays Dr. Priestley, who is the 
inventor of this experiment) may the cpn- 
dudting power of different metals be tried, 
tiling metallic circuits of the fame length 
and thicknefs, and obferving the difference ! 
of the paffage through the air in each. 

Experiment III. 

To make Globules of Metals. 

t * 

■ Take a very flender wire, and put it in a 
glais 4 ube, about one quarter of an inch in 
diameter; then lend die charge of a battery 
through it, and the wire will be melted, 
and reduced into globules of different fizes, 
which are found flicking on the infide fur- 
lace of the glafs tube, and they may he 
eafily feparated from it at pleafure: thefc, 
upon examination, will all be found hol¬ 
low, and are little more than a mere fcoria 
of the metal. 

s u 
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It mull be obferved, in making this ex* 
periment, that the charge of the battery 
mull neither be too high nor too weak; 
for in the former cafe, the wire will be re¬ 
duced into pieces exceedingly fmall, or ra¬ 
ther exploded in fmbke ; and in the latter 
cafe, it will be imperfectly fufed, fo that its 
pieces will be large and irregiflar. 


Experiment IV. 

The Fairy Circles. 

Fix upon each of the knobs DD of the 
univerfal difcharger, fig. 5. Plate I. or 
upon the wires that fupport the knobs, 
when the knobs are removed, a flattilh and 
fmooth piece of metal, or femi-metal 
(watch-cafes are very fit for this purpofe) 
fo that their furfaces may come fo near each 
other, that the battery may be difcharged 
through them j then conned one wire of 
the difcharger with the outfide of the bat¬ 
tery, and the other wire, by the help of 
the difcharing-rod, with the infide of it, 
fo as to make the difcharge j which, will 
occafion the fpot and circles - defcribed in 

the 
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the firft part of this Treatife, upon the 
furface of each of the pieces of metal fixed 
upon the difcharger. , 

Thefe circles have hitherto been exhi¬ 
bited upon the furface of no other fub- 
flances but metals; and they are /oj^cMo * 
be marked more diftinCtly upon fuch me¬ 
tals as melt with the leaft heat. The moft 
beautiful of thefe rings are produced by a 
number of difcharges repeatedly taken from 
a large battery, every part of the apparatus 
remaining exadtly in the fame fituation. If 
the pieces of metal receive the explofion in 
vacuo, the fpot formed on them is very irrer 
gular and confufed. 

I have given thefe fpbts the appellation 
of Fairy Circles , on account that they bear 
jfome refemblance to the fpots fo called, 
which are often obferved upon the grafs in 
the fields. Thefe, which we may call na¬ 
tural Fairy Circles in the fields, have 
been thought to be effected by lightning, 
on account of their bearing fome refem- 
blarice to the above-mentioned circles pro¬ 
duced by Electricity; the fiippohtiorj, 

however. 
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however, feems not very probable j for the 
fpots in the fields, called Fairy Circles, 
have no central fpot, no concentric circles, 
neither are they always of a circular figure ; 
and, as I am informed, they feem to be ra¬ 
ther beds of mufhrooms than the effeds of 
' lightning. 


Experiment V. 

To mark coloured Kings on Metals . 

In order to exhibit coloured rings upon 
the furface of metals, place a plain piece of 
any of the metals upon one of the wires of 
the univerfal difeharger, and upon the 
• other wire fix a fharp-pointed needle, 
with the point juft oppofite to the furface 
of the metal; then conned one wire of 
the difeharger with the outfide of a bat¬ 
tery, and tfie other with the difeharging- 
rod, &c. In this manner, if explofions 
be repeatedly fent either from the point 
to the piece of metal, or from the latter to 
the former, they will gradually mark the 
furface of the piece of metal oppofite to 
the point, with circles, confifting of all the 

prifmatic 
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prifmatic colours j which are evidently 
occafianed by lamina; of the metal, railed 
by the force of the explofions. 

Thefe colours appear fboner, and the 
rings are clofer to one another, when the 
point is nearer to the furface of the metal. 
The number of rings is greater or lefs, 
according as the point of the needle is 
more iharp or more blunt; and they are 
reprefented equally well upon any of the 
metals. 

The point of the needle is alfo coloured 
to a coniiderable difiance j the colours 
upon it returning in circles, though not 
very diftindtly. This is an experiment of 
Dr. Priestley. 


Experiment VI. 

The Imitation of an Earthquake, 

The appearance of the earthquake, as 
reprefented with the explofion of a bat¬ 
tery, is occafioned by the concuflion given 
to feveral fubftances by |he explofion 

palling 
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paffing over their fur faces. To give a rc- 
prefentation of the imprefiion made upon 
houfes by the earthquake, finall flicks, 
cards, or the like, may be placed upon the 
furface of the body over which the explo- 
lion is to be tranfmitted, fo as to fland 
Very light. Thefe flicks, &c. will never 
fail to be fhook, and often to be thrown 
down by the explofion. 

It is remarkable, that an explofion will 
not pais over the fame length of furface of 
all bodies, though they are equally good 
Conductors. Water, ice, wet wood, raw 
fiefh, and moft of the animal fluids, arc 
the beft to make this remarkable experi¬ 
ment j to do which, nothing more is re¬ 
quired than to infert part of the furface of 
the faid fubftances into the circuit of the 
two fides of a battery j a chain, for in- 
ftance, communicating with the outfide, 
may be placed fo as nearly to touch the 
furface of a quantity of water, and at about 
eight or nine inches difiant * from another 

* The diftance at which an explofion will ftrike 
over the furface of the above-mentioned fubftances, is 
much greater than that it can ftrike through in air 
Mf. 

chain. 
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chain, fituatcd alfo very near the furface of 
the water, and communicating with one 
end of the difcharging-rod. If the ends 
of the chains touch the water, the experi- 
-ment will happen in the fame manner. 

The report, In this experiment, is much 
louder than when the .exploiion paffes 
through 'the air only. The concuffion 
given to the water, by the exploiion palling 
over its furface, is not only fuperficial, but 
affedts its whole body ; and if the hand be 
kept de$p under its furface whilft the ex¬ 
ploiion paffes over it, the concuffion may 
be very fenlibly felt. * 

The fpark, which in this experiment paffes 
over the furface of the water, feems to bear 
a great refemblance to the balls of fire that 
have lometimes been feen over the furface 
•of the lea or land in time of an earth¬ 
quake; and hence it leems very probable, 
that thofe balls of fire are eledtrical phe¬ 
nomena. 


CHAP. 
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CHAP. XI. 

Fromifcuous Experiments 

Experiment I. 

*To fhew that Smoke , and the Vapour of hot 
Water, are Conductors. 

L ET a cork-ball electrometer be fuf- 
pended about four or five feet above 
the prime Conductor, then turn the winch 
of the machine very gently, and you will 
find, that the balls of the electrometer will 
not diverge. Put upon the prime Con¬ 
ductor a Wax-taper * juft blown out, fo 
that its fmoke may afcend to the eleCtro* 
meter ; then turn the winch again, and the 
balls of the electrometer will immediately 
feparate a little, with the fame force of 
EleCtricity, from the prime Conductor; 
which /hows that fmoke is a Conductor in 
a fmall degree. 

* A green wax-taper is the beft for this experi¬ 
ment. 

Y In 


Digitized by Google 



3*2 A Complete' Treatise 
In the fame manner, by placing a fmall 
veffel with hot water upon the prime Con¬ 
ductor, inftead of the wax-taper, it may be 
proved, that its vapour is alfo a Conduc¬ 
tor ; but inferior in its conducting power' 
to the fmoke* This experiment is an in¬ 
vention of Mr. Hen ly. 


Experiment IT. 

■*T 7 prove that Glafs, arid other EJe{dries, be¬ 
come Conductors , •when they are made very 
hot. 

Take a fmall glafs tube of about one- 
twentieth of an inch in diametef, and 
above a foot long j clofe it at one end, and 
introduce a wire into it, fo that it may be 
extended through its whole length: let two 
or thre& inches of this wire project above 
the open end of the tube, and there .fallen 
it with a bit of cork j tie round the olofed 
eftd of the tube another wire, which will 
be feparated from the wire within the tube 
only by the glafs interpofed between 
them. In thefe circumftances endeavour 
to fend a fhock through the two wires; 

i. e. 
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1. e. the wire inferted in the glafs tube, and 
that tied on its outfide, by connecting one 
of them with the outfide, and touching 
the other with the knob of a charged jar, 
and you will find that the difcharge cannot 
be made, unlefs the tube be broken ; be- 
caufe the circuit is interrupted by the glafs 
at the end of the tube, which is interpofed 
between the two wires. But put that end 
of the tube to which the wire is tied into 
the fire, fo that it may become juft red- 
hot, then endeavour to difcharge the jar 
again through the wires, and you will find 
that the explofi®n will be eafily tranfmitted 
from wire to wire, through the fubftance 
of the glafs, which, by being made red- 
hot, is become a Conductor. 

In order to afcertain the conducting qua¬ 
lity of hot refinous fubftances, oils, &c. 
bend a glafs tube in the form of an arch 
CEFD, fig. 7. Plate II. and tie a filk 
ftring GCD to it, which ferves to hold 
at by when it . is to be let near the fire ; fill 
the middle part of this tube .with rofin, 
fealing-wax, &c. thenj introduce two wifes 
AE, .BF,/through -its .ends, fo that .they 
Y 2 may 
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may touch the rofin, or penetrate a little 
way in it. This done, let a perfon hold 
the tube over a clear fire, fo as to melt the 
rofin within it; at the fame time, by con¬ 
necting one of the wires, A or B, with the 
outfide of a charged jar, and touching the 
other with the knob of the jar, endeavour 
to make the difcharge through the rofin, 
and you will obferve that, while the rofin 
is cold, no lhocks can be tranfmitted 
through it; but it becomes a Conductor 
according as it melts, and when totally 
melted, the lhocks will pafs through it very 
freely. 

Experiment III. 

To Jhew that hot Air is a Conductor. 

EleCtrify one of the cork-ball electro¬ 
meters fufpended upon the ftand, fig, 4. 
of Plate I. or electrify the prime Conduc¬ 
tor with the quadrant electrometer; then 
bring a red-hot iron within a fufficient 
diftance of the electrometer, or prime 
Conductor, and you will find that they 
foon lofe their Electricity, which is cer¬ 
tainly 
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tainly conduced by the hot air contiguous 
to the iron ; for if the experiment be re¬ 
peated with the fame iron when cold, /* e. 
by bringing it within the fame diftance 
of the electrified Electrometer, or prime 
Conductor, their EleCtrieity will not be 
conducted away as before *. 

The above experiments may reafonably 
induce us to fufpeCt, that feveral fubftances 
which are ranged among Conductors, would 
become EleCtrics, if they were brought into 
a cold temperature; and that all the Elec¬ 
trics become Conductors, when they are 
heated to a very high degree. ,,' 

* It has been often obferved, that a battery may be 
difcharged, by introducing a red-hot iron between two 
knobs interpofed, and {landing at fome diftance from 
each other in the circuit $ but if, inftead of iron, there 
be introduced a piece of red-hot glafs between the 
knobs (the diftance between them remaining as at iirft) 
the battery cannot be difcharged: whence we may 
infer, that either ho* air is not fo good a Conduftor as 
has been imagined, or elfe, that .air heated by iron 1 
(perhaps from its ignited particles ) is ftronger, with 
nefpeft to its conducing power, than when heated by 
the red-hot glafs. 


Y 3 Expe- 
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Experiment IV. 

*To fhe w that Silks of different Colours 
acquire different Electricities. 

Lay a white ribbon upon another ribbon 
of the fame fize and finenefs, but black ; 
then holding them by one extremity with 
one hand, draw them fwiftly between the 
firft and fecond finger of the other hand, by 
which fridtion they will be both electrified, 
and on being feparated, the black ribbon will 
be found, to be negative, and the white, 
pofitive. 

m 

Experiment V. 

*To eleCrify the Air of a Room . 

The air furrounding the eledtrical ma<? 
chine when in ufe, or contiguous to every 
highly-eledtrified body, always acquires a 
portion of Eledtricity, which it retains for 
a considerable time, and which, in fome 
meafure, counteradts the Eledtricity of elec¬ 
trified 
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trified bodies *. A very expeditious method* 
however, to eledtrify the air, is to fix two or 
three needles upon the prime Conductor, 
and to keep it ftrongly eledtrified for about 
ten minutes. If afterwards an eledtrometer 
be brought into , the air furrounding the ap¬ 
paratus, it will plainly fhew, that the air 
has acquired a confiderable quantity of 
Eledtricity, which it will retain even after 
the apparatus has been removed into another 
room, - To eledtrify the air negatively, con- 
nedt the pointed needles with the rubber 
when infulated j and make a communica¬ 
tion by a chain, or wire, from the prime 
Condudtor to the table. 

Another method of eledtrifying the air 
is, to charge a large jar, and infulate it: 
then connedt a fharp-pointed wire, or a 
number of them, with the knob of the 
jar; and make a communication from the 
outlide coating to the table. If the jar be • 
charged pofitively, the air of the room will 
foon become ftrongly eledtrified pofitively 

* An de&rometer fufpended to the prime Condu&or* 
will diverge mqft after a few turns of the wheel* but 
afterwards the divergence will leflen, according as the 
air about the apparatus becomes electrified. 

Y 4 likewife ; 
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likewife j but if the jar be charged nega» 
lively, the air will become alfq negative. 
A charged jar being Jield in one hand, and 
the flame of a candle, infulated, and held in 
the other, being brought near the knob of 
the jar, will alfo foqn pro,duqb the fan? 
effedt. 

Experiment VI, 

*The Atmofphere of Smoke. 

Take a brafs ball, or any piece of metal 
that is free from points or edges, of about 
three or four inches diameter, and infulate 
it upon a narrow eledtric Hand; then give 
it a fpark with the knob of a charged 
phial, and immediately prefent to it a wax- 
taper juft blown out and fmoking. The 
fmoke, in this cafe, will be attracted by 
the eledtrified body, and, by encompaffing 
that body will form a kind of atmofphere 
about it. This atmofphere will remain for 
a few feconds, and afterwards, beginning 
from the bottom, will gradually vanifh, 
until at laft, entirely departing from the 
eledtrified body, it goes off in a flehder co¬ 
lumn, that foon rarefies, and diffufes itfelf 
info a confiderable fpace. 

Thi? 
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This experiment will not fucceed, unlefs 
it be made in very dry weather, and in a 
room where the air is not agitated. Care 
ipuft alfo be taken, that, in blowing out 
the taper, and prefenting it to the eledtri- 
ijed body, the air be difturbed as little a$ 
poffible. 

This phenomenon has induced forne 
philofophers to fuppofe, that the Eledtri* 
pity of an eledtrified body refided about it, 
i. e. refted upon its furface like an atmo- 
fphere •, which, they thought, was made 
yery'evident by the linoke. But this ap¬ 
pearance, when duly conlidered, is far, 
from proving any fuch eledtrig atmo- 
fphere ; and the caufe of it may be very 
eafily explained in the following manner:— 
The fmojce is attradted by the electrified 
body in the fame manner, and for the 
fame reafon, that other bodies are ajjtradted 
by it. It remains fufpended about that 
body, -and cannot all come into contadl 
with its furface, on account of the elafti- 
city of its particles. It remains fo long 
Ijafpended about the eledtrified body, and 
j$ not immediately repelled, becaufe it is a 

bad 
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bad Conductor, and acquires Eledtricity 
very flowly j but, having acquired a fuffi- 
cient quantity of Eledtricity, it begins to 
quit the eledtrified body, and, afcending in 
the air, extends itfelf into a large fpace, in 
confequence of the repulfion exiting be¬ 
tween its own eledtrified particles. 

Experiment VII. 

To Jhew that Metals conduct the eleclric Fluid 

through their Subfiance, 

Take a wire of any kind of metal, and 
cover part of it with fome ekdtrie fub- 
ftance, as rofin, fealing-wax, &c. then dis¬ 
charge a jar through it, and it will be founds 
that it condudts as well with, as without, 
the eledtric coating. This proves that the 
eledtric fluid paflfes through the fubftance 
of the metal, and not over its fiirface, 


Expe 
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Experiment VIIL 
^he electrified City and Chain* 

Infulate a metallic cup, or any other 
concave piece of metal, and place within it 
a pretty long metallic chain, having a filk 
thread tied to one of its ends. To the 
handle of the cup, or to a wire proceeding 
from it, fufpend a cork-hall electrometer; 
then eleCtrify the cup, by giving it a fpark 
with the knob of a charged phial, and the 
balls of the eleCtromfeter will immediately 
diverge. If, in this fituation, one end of 
the chain be gradually raifed up above the 
top of the cup, &c. by the filk thread, 
while the lower end of the chain remains 
in it, the balls of the electrometer. will 
converge a little, and more or lefs in pro¬ 
portion to the elevation of the chain above 
the top of the veilelj which proves that 
the Electricity of the cup and chain toge¬ 
ther is more denfe when thefe bodies are 
ima compaCt, than when they are in a more 
extended form. A more eafy method of 

ihevving 
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{hewing this property of EleCtricity,. is that 
ufed by T. Ronayne, Efq; which is as 
follows:—:He excites a long Hip of white 
flannel, or a filk ribband, by rubbing it 
with his fingers j then, by applying his 
hand to it, takes off as many fparks as the 
excited eleCtric will give; but when the 
flannel, &c. has loft the power of giving 
any more fparks in this manner, he doubles, 
or rolls it . up; by which operation the 
contracted flannel, &c. appears fo ftrongly 
eledtrical, that it not only gives fparks to 
the hand brought near, but it throws out 
Spontaneous brulhes of light, which appear 
yery beautiful in the dark, 

Experiment IX. 

T *yjhew the Courfe of the eleSlric Fluid by the 

Flame of a Wax-taper. 

Fix at that extremity of the prime Con¬ 
ductor which is the remoteft from the 
machine, a brafs rod fix inches long, hav¬ 
ing on its extremity a brafs ball about 
three-fourths of an inch in diameter, and 
l?t the winch of the machine be turnedt 
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If in this fituation the :flame of a wax- 
taper be prefented to the above-mentioned 
brafs ball, it will be blown almoft hori¬ 
zontally, and in a dire<fiion from the ball; 
that is, in the direction of the ele&ric 
fluid. If a wire, with a like ball, be fixed 
to the infulated rubber, the flame of a 
wax-taper, prefented to this ball, will be 
blown alfo in the direction of the electric 
fluid; that is, it will be blown upon the 
ball, (hewing the true courfe of the elec¬ 
tric fluid in a very Ample and convincing 
manner. 

Experiment X. 

'Tojheiv the eleCtric Attraction and Rupulfion 
by the eleCiric Light. 

Fix a pointed wire upon the prime Con¬ 
ductor with the point outward, and another 
like wire upon the infulated rubber; then 
let the winch of the machine be turned, 
and the points of both wires will appear 
illuminated, viz. the former with a bru£h, 
and the latter with a ftar. In this fitua¬ 
tion, take an excited glafs tube, and bring 
-H it 
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it fideway of the point of the wire fixed 
upon the prime Conductor, and you will 
fee that the brufti of rays ifluing from the 
point, is turned fideway, u e. is repelled 
by the atmofphere of the tube; and if the 
excited tube be held juft oppofite to the 
point, the brufti will entirely vanifti, be- 
caufe both the tube and the point are elec¬ 
trified pofitively. If the excited tube be 
brought near the point of the wire fixed 
upon die rubber, the ftar upon it will turn 
itfelf towards the tube; for this wire, being 
electrified negatively, will attraCfc the eleCtric 
fluid of the excited tube. 

If this experiment be repeated with an 
excited ftipk of fealing-wax, or any other 
eleCtric negatively electrified, inftead of 
the glafs tube, it will be found that the 
brufti proceeding from the wire fixed upon 
the prime Conductor, will turn itfelf to¬ 
wards the excited wax, &c. and the ftar 
upon the point of the wire negatively elec¬ 
trified, will be diverted from it, or entirely 
fiipprefled, if the excited ftiek of fealing- 
wax be brought juft oppofite to the point* 

3 Exfe* 
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Experiment XI. 

A curious Method of jbewing the Penetrability 
of eleSiric Light '. 

Let the extremities of two wires, one of 
which proceeds from the outfide of a charg¬ 
ed jar, and another from one branch of the 
difcharging rod, be laid on a table at about 
'■tny of an inch diftance of each other j th e n 
put the thumb juft upon that interruption, 
prefling it flat down. This done, bring the 
difcharging rod in contadt with the knob of 
the jar, and on making the difcharge, the 
fpark which neceflarily happens under the 
thumb will illuminate it infuch a manner, 
that the bone, and the principal blood- 
vefiels, may be eafily difcerned in it. 

i 

In this experiment the operator needs 
not be afraid of receiving a fhock ; for the 
difcharge of the jar pafl'es from wire to wire, 
and only affedts the thumb with a fort of 
tremor, which is far from being painful. 

Expe* 
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Experiment XII. 

To illuminate a Quantity of Water by the 
Difcharge of a far. 

Let every thing be difpofed in the man¬ 
ner mentioned in the preceding experiment, 
excepting only that, inftead of the thumb, a 
large clear glafs decanter full of water, having 
a flat bottom, be laid juft over the interrup¬ 
tion of the circuit. Then, on making the 
difcharge, the water will be feen all illumi¬ 
nated to the very top of the decanter. 


Experiment XIII. 

To illuminate Ivory , Wood, &c. 

Place a ball, ora thick piece of ivory, be¬ 
tween the extremities of the wires of the 
univerfal difeharger, and by connecting one 
of the wires with the outfide, and the other 
with the inflde of a charged eledtric jar, pafs 
the fhock through the faid ball, and it will 
appear all illuminated. 

If 
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If box wood be ufed inftead 0/ ivory, it 
will appear illuminated with yellow, red, 
purple, or crimfon colour.—Other forts of 
wood exhibit other fhades of red or yellow, 
and fometimes green; which varieties of 
colour feem to depend moftly on the com- 
padtnefs of the wood, and on its degree of 
drynefs. 


Experiment XIV. 

The electrified Capillary Syphon . 

Let a fmall bucket of metal, full of wa¬ 
ter, be fufpended from the prime Conduc¬ 
tor, and put in it a glafs fyphon of fo nar¬ 
row an extremity, as the water will juft drop 
from it. If in. this difpofition of the ap¬ 
paratus the winch of the machine be turn¬ 
ed, the water, which, when not electrified, 
only dropt from the extremity of the fy¬ 
phon, will now run in a full ftream, which 
will even be fubdivided into other fmaller 
ftreams; and if the experiment be made in 
the dark, it will appear beautifully illumi¬ 
nated. 


2r ExPE- 
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• Experiment XV. 

*The electrified Bells. 

% 

Fig. 10 of Plate II. repre(ent$ an inftru-, 
ment having three bells, which are caufed 
to ring by the power of eledtric attradtioti 
and repulfion. B is a b'rafs piece furnilhed 
with a hook, by which it may be fufpend- 
ed from the rod proceeding from the extre¬ 
mity of the prime Condudtor A. The 
two bells, C and E, are fufpended by brafs 
chains; but the middle bell D,and the two 
finall brafs clappers between C D* and 
D E, are fufpended by filk threads. From 
the concave part, of the bell D/a brafs chain 
proceeds, which fells upon the table, and 
has a filk thread F at its extremity. The 
apparatus being difpofed as in the figure, if 
the cylinder of the machine be turned, the 
clappers will fly from bell to bell with a. 
very quick motion, and the bells will ring 
as long as they are eledtrified. 


The 
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The two bells, C and E, being fufpended 
by brafs chains, are firft electrified; hence 
they attract the clappers, eommiinicate to 
them a little Electricity, and repel them to 
the uneleCtrified bell D, upon which the 
clappers depofit their EleCtritity, and then' 
run again to the bells C E, from which 
they acquire more Electricity, &c. If by 
holding the filk thread F, the chain of the 
middle hell be raifed from the table, the 
bells* after ringing a little while, will ftop* 
becaufe the bell D remaining infulated* 
will feon become as ftrongly electrified as 
cither of the other two bells 5 in which 
cafe the clappers, having no opportunity 
of depofiting the EleCtrieity that they 
acquire from the bells G, E, mull confe- 
quently frop. 

If this experiment be made in the dark* 
fparks will be feen between the clappers 
and the bells; 

The experiment will have a better effeCt* 
if* inftead of keeping the machine in motion* 
a charged jar be fet with its knob in cbji- 
taCt with the prime Conductor* 

. 2 2 Ex PE- 
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Experiment XVL 
¥he Sptder feemingly animated by Electricity. 

Fig. 9 of Plate tl. reprefents an electric 
jar, having a wire CDE faftened on its. out- 
fide, which is bent fo as to have its knob E 
as high as the knob A. B is an artificial 
fpider made of cork, with a few fhort 
threads run through it, to reprefent its 
legs. This fpider is faftened at the end of 
a filk thread, proceeding from the cieling 
of the room, or from any other fupport, fo 
that the fpider may hang mid-way between 
the two knobs A, E, when the jar is not 
charged. Let the place of the jar upon 
the table be marked ; then charge the jar 
by bringing its knob A in contadt with the 
prime Conductor, and replace it in its 
marked place. The fpider will now begin 
to move from knob to knob, land continue' 
. this motion for a confiderable time, fome- 
times for feveral hours. 

Theinfideof the . jar being charged po- 
fitively, the fpider is attracted by the knob 

A» which 
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A, which communicates to it a fmall quan¬ 
tity of EleCtricity ; the fpider then becom¬ 
ing poffefled of the fame Electricity with 
the knob A, is repelled by it, and runs to 
the knob E, where it difchargcs its Elec¬ 
tricity, and is then again attracted by the 
knob A, and fo on. In this manner the 
jar is gradually difcharged ; and when the 
difcharge is' nearly completed, the fpider 
finifhes its motion. 

V ’ • 

Experiment XVII. 

The Spiral Tube . 

Fig. 13 of Plate II. reprefents an inftru- 
ment compofed of two glafs tubes CD, 
one within another, and clofed with two 
knobbed brafs caps, A and B. The inner- 
molt of thefe tubes has a fpiral row of fmall 
round pieces of tin-foil, (tuck upon its out- 
fide furface, and lying at about one-thir¬ 
tieth of an inch from each other. If this 
inftrument be held by one of its extremi¬ 
ties, and its other extremity be prefented to 
the prime Conductor, every fpark that it 
receives from the prime Conductor, will 
Z 3 caufe 
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caufe fmalls fparks to. appear between aft 
the round pieces of tin-foil ftuck upon the 
jnnermoft tube, which in the dark affords a 
pleafing fpeftacle j the inftrument appear¬ 
ing encompaffed by a fpiral line of fire, 

The fmall round pieces of tin-foil are 
fometimes ftuck upon a flat piece of glafs, 
ABCD, fig. 12, fo as to reprefent curve 
lines, flowers, letters, &c. and they are il¬ 
luminated after the fame manner as the 
fpiral tube; i. e. by holding the extremity 
C, or B, in the hand, and prefenting the 
other extremity to the prime Conductor, 
wheji the machine is in motion. 

Experiment XVlIl, 

JCo make Holes through a Glafs Tube by meaty 
of EleSlric Sparks , 

Let a glafs tube of any diameter, and 
about five or fix inches length, be clofedher- 
pietically, or by means offealing-wax, at oiie 
end, and fill about half of it with olive oils 
then flop the aperture of it with a cork, arid 
let a wire pafs through the cork, and come 
fo far within the tube, as to have its extre- 
§ inky 
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mity below the furface of the oil. This 
end of the wire mtift touch the furface of 
the glafs, for which purpofe it mull be bent 
nearly at right angles, which may be eafily 
done before the cork is put upon the tube. 
Things being thus prepared, bend into a ring 
the other extremity of the wire, and fufpend 
it, with the tube hanging to it, to the wire 
at the end of the Conductor. Then work 
the machine, and bring the knuckle of a fin¬ 
ger or the knob of a wire near the outfide 
of the tube, juftoppofite to the extremity of 
the wire; the confequence of which will be, 
that a fpark will happen between the wire 
and the knuckle, which makes a hole 
through the glafs.—By turning the Wire 
about, or railing and lowering it, many holes 
may be fucceffively made in the fame tube, 
after the manner above defcribed. 

In this experiment it is very remarkable, 
that fo fmall a power as a fimple ele&ric 
fpark Ihould perforate a hole through lb 
hard a fubltance as glafs; andfometimes the 
thicknefs of the gla^s has been nearly a 
quarter pf an inch. 

Z4 Expb- 
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Experiment XIX. 

To caufe the Quickflver to rife in a Thermo¬ 
meter by means of EleSlricity. 

Fix a wooden ball to the wire that pro¬ 
ceeds from the extremity of the prime Con- 
dudtor, and place another like wooden ball 
on a wire or other Conductor that com¬ 
municates with the earth, at about half an 
inch diftance from the other ball; in which 
fituation, it is clear that, when the machine 
is in action, a ftream of eledtric fluid will 
pafs from one ball to the other. Now if 
you place the bulb of a mercurial thermo¬ 
meter in that ifream, viz. between the two 
balls, you will find that the quiykfilver in 
it will be gradually raifed by the adtion of 
the Bream ; and if the machine is worked 
.for fome time, the mercury will be raifed 

!' feveral degrees-above its former ftatioH, 

•It'' • • 

v-'"N. B. For this experiment, the bulb of 
the thermometer rauft be quite detached 
from the fcale, fo that the fcale may begin 

at 
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at leaft three inches above it. The experi¬ 
ment anfwers beft when the balls are of foft 
wood. 


Experiment XX. 

» 

To let Sealing-Wax be fipun into fine Threads 
by means of Eleblricity. . 

Stick a fmall bit of fealing-wax on the 
extremity pf a wire, and warm it fo as to be 
ready to drop; in the mean time let the 
eledtrical machine be worked; then flop the 
motion of the machine, and at the fame time 
bring the hot fealing-wax within four or 
five inches of the prime Conductor, moving 
it about in a winding direction, and you 
will find that the fealing-wax throws feveral 
exceedingly fine threads to the prime Con¬ 
ductor, which appear like red wool. 

£ 

This experiment anfwers beft when the 
Conductor is coyered with varnilh. 


Expe- 



Digitized by LjOCk e 



^Gompletj Treatus 


Experiment XXI. 

‘the dancing Balls * 

Fix a pointed wire upon the prime Con- 
doctor, with the point outward j then take 
a glafs tumbler, grafp it with your hands, 
and prefent its infide furface to the point of 
the wire upon the prime Conductor, while 
the machine is in motion ; the glafs in this 
manner will foon become charged; for its 
infide furface acquires the Electricity from 
the point, and its outfide lofes its natural 
quantity of eleCtric fluid through the hands, 
which ferve as a coating.—This done, put a 
few pith-balls upon the table, and cover 
them with this charged glafs tumbler. The 
balls will immediately begin to leap up 
along the fides of the glafs, as reprefented 
in fig. 15, Plate JI. and will continue their 
motion for a confiderahle time, . 

In this experiment the pith-halls are at¬ 
tracted and repelled by the eleCtric fluid 
furperioduced upon the infide furface of the 

glafs. 
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glafs, which they gradually conduit to the 
table, or other conducting body upon which 
the glafs is fet; at the fame time that the 
external furface of the glafs acquires the 
electric fluid from the contiguous air. 

Experiment XXII, 

f fp promote the Evaporation of Fluids , by 
means of Electricity. 

Take two equal pewter plates, and pour 
in each of them an equal quantity of 
water, juft enough to coyer their bot¬ 
toms, and with the help of a pair of fcale$ 
let them be made equal in weight. This 
done, put one of the plates upqn an infu- 
lated ftool, communicating with the prime 
Conductor of the electrical machine, and 
frtuate the other plate in feme other part 
of the room, where it may be in an-equal 
degree of heat, and equally expofed to the 
air as the other plate, but only out of the 
influence of Electricity. Let now the ma¬ 
chine be put in aCtion, fo as to keep the 
prime Conductor, and the plate connected 
with it, fltrongly eleCtrified for about half 
an hour or longer. Then ftop the ma<- 

chine. 
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chine* and weigh both the plates ; it will 
be found, that the plate which has been 
electrified .is the lighter: hence it is plain, 
that, the eleCtrizationhas promoted the eva¬ 
poration of the water contained in it. 

The lame experiment may alfo be made 
with fruit, with animals, with plants, and, 
in Ihort, with any thing that is actually eva¬ 
porating j but in fome fiich cafes, the elec¬ 
trization fhould be continued much longer; 
and alfo other circumftances ought to be 
taken into account, in order to render the 
.effeCtpf EkCtricity both fenfible and cer¬ 
tain. This experiment is alfo attended with 
the-fame effeCt, whether the electrization is 
pofitive or negative; hence we have another 
jpafon to dilbelieve that negative electriza¬ 
tion produces any elfeCts upon the human 
body, different from the pofitive. Mr. 
JCoestlin, who a few years ago publifhed 
a differtation on the effeCts of Electricity 
upon lome organic bodies, pretended to 
have found, that both animal and vegetable 
life were retarded by negative electrifica¬ 
tion j but I do not know whether the ex¬ 
periment was, ever repeated by any body 
5 elfe. 
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elfe. The oddity and diverfity of effects 
arifing from experiments apparently fimilar, 
are fuch, that no perfon, converfant with 
experimental philofophy, fhould pofitively 
affirm any new natural law, that is indicated 
by a few fails, which are moflly of a dubi¬ 
ous nature; efpecially when many other 
confiderations feem to fhew the improbabi¬ 
lity of the affertion. 

Experiment, XXIII. 

%0 Jhew that the Fluids of the Human Body are 
better Conductors of Electricity than Water . 

Take a glafs tube about one-fortieth of 
an inch in diameter, and nearly fix inches 
long, or rather two fuch tubes, exaitly equal 
in length and diameter ; and holding one of 
them with one extremity in water, let it be 
filled with that fluid. The water will fooii 
fill the tube, in virtue of the capillary attrac¬ 
tion ; efpecially if the tube be held inclined 
to the furface of the water. After the fame 
manner let the other tube be filled, with 
blood, or fome other fluid of the human 
body. Now let an eleftric jar be charged, 
and the circuit through which the jar is to 

be 
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be difcharged, let it be formed of one of 
,thefe tubes; to the extremities of which 
flender wires may be fitted fo as juft to touch 
the fluid contained in it, and alfo the arms 
of a perfon that is defirous of trying the ex¬ 
periment. In this manner, if the difcharge 
of the jtr be made feveral times, alternately 
changing the glafs tube, viz. ufing once that 
filled with water, then the other filled with 
blood, and fo on; it will be found that the 
fhock is felt more fenfibly when the glafs 
tube filled with any fluid df the human body 
forms part of the circuit, than when the tube 
filled with water is ufed. 

The perfon who tries this experiment need 
not be afraid of the fhocks, becaufe their 
force is much weakened by going through 
the fmall quantity of fluid contained in the 
glafs tube. Befides, the ftrength of the 
ihocks fhould not be greater than may be 
juft felt. It is only neceflary to charge the 
jar always equally high, which is eafily.done 
by means of Mr. Lane’s Ele&rometer, de- 
fcribed in the preceding pages* 
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After the like manner the degree of con¬ 
ducting power of various fubftances may be 
afcertained. Thus it may be obferved, that 
lea-water conducts better than frefh water, 
and that common frelh water conduits bet¬ 
ter than diftilled water. The conducting 
power of fome powders may be alfo tried 
in this manner. 

Experiment XXIV. 

To break fmall Glafs Tubes by means of an 
eleQric Shock. 

Let fome glafs tubes be drawn with the 
help of a blow-pipe, nearly in the fliape re- 
prefented by AB, fig. 9, PI. II. viz. narrow 
in the middle and larger towards their extre¬ 
mities. The diameter of the middle part 
Ihould not exceed one-twentieth part of an 
inch. Fill one of thefe tubes with water, 
after the manner defcribed in the preceding 
experiment, and infert two flender wires 
through both apertures, the extremities of 
which, in the tube, Ihould come within 
about one-tenth of an inch of each other.— 
This done, let the difeharge of an elcCtric 
jar be made through this tube, viz. by con¬ 
necting 
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nedting the ring of the wire A with the 
outfide of the jar, and the ring of the wire B 
with the infide of the faid jar, and the tube 
will be broke with confiderable violence. 
The fame effedt is produced when the tube 
is filled with any other liquor inftead of 
water. 

If the extremities of the wires within the 
tube are put fo far from each other,-as to 
exceed the diftance at which the charge of 
the jar can leap in the form of a fpark, then 
the glafs tubes will not be .broke. 

By this experiment we can hardly deduce 
any inftrudtion relative to the feniation of 
the fhock perceived by a perfon, who forms 
the circuit in the difcharge of an eledtric 
jarj for we learn by the experiment, that 
except any fpark happens within the water, 
the fineft and brittle!! tube is not broke; 
and therefore we may conclude, that the con- 
cuflion given to the tube by the fhock, when 
the extremities of the wires within it arc 
confiderably far from each other, is very 
little, if at all fenfible.—Farther, it feems 
plain, that if inftead of one tube, the dif- . 
charge of the jar was made through one 

hundred 


Digitized by 


Google 


eft £ t £ g t# i c I t y; $5$ 

liundred of one thoufand tubes, the iropulfe 
of the fhock would be proportionably leflen- 
ed j and indeed we can hardly form any idea 
of the fmallnefs of its power in that cafe* 
How happens it then that a very finall fhock 
lent acrofs the arms of a man, which fhock# 
we may reasonably fuppofe* does not occa- 
fion any fpark within the Veflels of the body# 
is fenfiblyfelt, and produces an involuntary 
motion, when it pafies through innumerable 
veflels filled with fluids, which are far better 
conductors than water ? 

The fubflance of the veflels of the hu¬ 
man body is certainly a lefs good conductor 
than the fluids contained in thofe veflels j 
but it can hardly be fufpeCted, that the elec¬ 
tric fluid occafions' the involuntary motion, 
&c. by going through that fubftancc rather 
than through the fluids, which are much 
better conductors. Perhaps that fudden 
involuntary motion is produced by the elec¬ 
tric fluid aCting upon the nerves. But it 
feems -that, independent of the already 
known parts of the human body, there is 
; fome other principle that accompanies the 
■life of an animal, which is in a certain man- 
A a . ner 
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ner a conductor of electricity, and whole 
aCtion ceafes as foon as the animal becomes 
extinCt. It has been remarked in feveral 
inftanccs, that if an eleCtric {park paflcs 
through a given part of a living animal, 
the fame fhock, after the animal is dead, 
will be vifibly tranfmitted over the furface 
of the fame part, but not through it. 


Experiment XXV. 

To cryfiallize Oil of Tartar by means of 
EleSlfic Sparks . 

: Take a glafs tube about four inches long^ 
and about one quarter of an inch in diame¬ 
ter, open at both ends, and moiften the iniide 
of it with oil of tartar per deliquium ; then 
adapt two corks to the extremities ;0f this 
tube, and introduce a wire through each of 
them. The extremities of thefe wifes 
within the tube Ihould be about three quar¬ 
ters or one inch from one another. This 
done, conneCt one of the wires with the 
outftde coating of a pretty large eleCtric jar, 
and die other wire with the difcharging 

electrometer 4 
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ele&rometer j then let the jar be difcharged 
Several times through the tube j and it will 
be often found, that the oil of tartar upon 
the infide furface of the tube, gives manifeft 
ligns of cryftallization. Now by experi¬ 
ments fimilar to this, fome ingenious perfons 
have pretended to (hew, that the eleCtric 
fluid contains an acid, which combining 
with the oil of tartar, neutralizes it, and 
occafions the cryftallization.-—It has even 
been faid, that the phenomena of electricity 
are the effeCts of two principles, viz. an 
acid which conftitutes the pofitive, and an 
alkali, which conftitutes the negative elec¬ 
tricity. It would be ufeiefs • to endeavour 
to refute fuch an hypothefls, when a very 
jittle acquaintance with the fubjedt is fuffi- 
cient to manifeft its abfurdity. The cryftal¬ 
lization has been with more juftice attri¬ 
buted to a quantity of fixed air generated 
by the a<ftion of the (hocks on the common 
air within the tube. 
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CHAP. XII. 

further Properties of the Leyden Phial, or 
charged Electrics, 

T HE properties of charged eleCtric*, 
plain as they may appear at firft 
.fight, and conformable to the .commonly* 
eftablifhed theory of Electricity, are yet, 
when attentively confidered, far from bei 
big intirely underflood, fo as to require no 
further experiments, or leave no doubt in 
the mind of the fpeculative ElpCtrician, 
The firft queftion, that naturally occurs, 
in confidering a charged phial, is. Where 
does the fuperinduced eleCtric fluid refide ? 

— Is it lodged in the fubftanco pf the 
glafs, or in the air "contiguous to the fur- 
face of the phial ? In the firft cafe, if the 
eleCtric fluid penetrates a certain quantity 
of the fubftance of the glafs, it follows, that 
a glafs plate may be given fb thin, that the 
eledtric fluid may freely pervade its fub* 
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fiance*. If fuch a plate can be made, it 
will be eafy, from thence, to determine how 
far the eledtric fluid can penetrate the fub- 
flance of the glafs, when charged in the 
ufual manner. In the fecond cafe, if the 
eledtric fluid refides in the air contiguous 
to the glafs, it muft repel that air, i. e. a 
glafs bottle fhould contain lefs air when 
charged, than when in its natural Hate ; 
but this is contrary to experience. 

'fhe late Mr. Canton charged fome 
thin glafs balls of about an in.ch and a half 
|n diameter, having tubes of about nine 
inches in length, and afterwards fealed them 
hermetically. If thefe balls, when they 
were cold, were prefented to an eledtrome- 
ter, they fhewed no fign of Eledlricity; but 
if they were kept a little while near the 
fire, they then appeared flrongly eledtrical, 
and poflefled of that kind of 'Eledtricity 
with which |heir infide had been charged,. 

* I have often blown glafs balls fothin, that their 
fubftance was lefe than one fix-hundredth part of an 
inch, and have always obferved, that, they were capa¬ 
ble of receiving a charge, which they retained for a 
jsonfiderablc time, if they were not made very hot. 

5 Mr, 


Digitized by Google 


358 Complete Treatise 

Mr. Canton dilcovered farther, that if 
thefe balls are kept under water, they retain 
their virtue for a considerable time, even for 
feveral years; but if they be often ufed, 
their power is foon exhaufted. It is obvi¬ 
ous to remark, that the Electricity, which 
appears upon the outfide of thefe balls, 
when they are rendered hot, i. e. when th« 
gla£s is rendered a Conductor by the heat, 
is not that Electricity, which properly con¬ 
stitutes the charge, but the fuperfluous 
JSleCtricity of their infide *, 

As for the EleCtricity, which constitutes 
the charge, it being juft fufficient to Ba¬ 
lance the contrary EleCtricity of the oppo- 

^ ' 

* If 9 charged jar be infulated, and difchargCd with 
an infulated difcharging rod, after the difcharge both 
the fidcs of the jar, together with the difchargfng rod, 
will be found polle/Fed of the Ele&ricity contrary to 
the Electricity of that fide of the jar, which wa$ 
touched laft before the difcharge j which Ihows that 
one fide of a charged ele&ric may contain a greater 
quantity of Ele&ricity than that, which is fufficient 
to balance the contrary Electricity of the oppofite 
fide. This redundant EJedlricity fhould be carefully 
ccnfidered in performing experiments of a delicate 
nature. 
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fite furface of the glafs, it will lofe its 
power as icon as it is arrived to that furface, 
which in the cafe of the above-mentioned 
balls, it actually reaches, before it can aCt 
upon the electrometer. 

The molt remarkable phenomena pro¬ 
duced by charged eleCtrics, are exhibited 
with flat plates of glafs, jointly charged, 
like a Angle coated plate. If two glafs 
plates, having plain furfaces, be placed one 
upon the other, and their outward furfaces 
be coated with tin-foil, in the ufual man¬ 
ner of coating a Angle plate for the Leyden 
experiment, and then ,be charged, by pre- 
fenting one coating to the prime Conduc¬ 
tor, and communicating the other with the 
earth, the plates (which we lhall call A, 
and B) after having been charged, will ad¬ 
here very Armly to one another, and if fepa- 
rated. A, viz. that, whofe coating was pre- 
lented to the prime Conductor, will appear 
poAtive on both Ades, and B negative on 
both lides. If thefe plates be laid in con¬ 
tact as before they were charged, and are 
difcharged by making a communication 
between the two coated Ades, they will be 

found 
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found ftill to adhere to one another after 
the difchargej and if feparated, they will 
appear ftill eledtrified, but with this re¬ 
markable difference, viz. that now A is ne¬ 
gative on both fides, and B pofitive on both 
fides. If thefe plates, after being difcharged, 
be feparated in the dark, flafhes of light are 
perceivable between their internal furfaces. 
By laying the plates together, touching their 
coatings, and feparating them fucceflively, 
the flafhes may be obferved for a confidera- 
ble number of times, diminifhing by de¬ 
grees, until they quite vanifti. 

Father Beccarla explains thefe, and 
other fimilar phenomena of charged as well 
as of excited eledtrics, by the following 
principle, which he djftinguifhes by the 
name of vindicating EleSricity .—When two 
bodies, either a Condudtor and an eledtri¬ 
fied, eledtric, or two contrarily and equally 
eledtrified eledtrics, are joined together, they 
adhere to each other, and their Elddtricitie* 
difappear j but as foon as they are feparated, 
the eledtrics recover their Eledtricities *. 

. * See BeccaRIA’s Artificial Ele&ricity, Part II* 
Sec. VI, 
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IIow far this principle can be of ufe to ex¬ 
plain the phenomena of charged glafs, &e; 
I will not take upon me to determine. It 
would exceed too far the limits of my work* 
if I were to enumerate and account forall the 
particulars minutely. When the principle is 
exprefled*the ingenious reader may ealily ap¬ 
ply it to explain the effects. I (hall only 
mention an obfervation of Mr. Henly, re¬ 
lative to this fubjeCt, which feems not con¬ 
formable to Father Beccaria’s theory j 
and with that I fliall conclude this Part 
of my work. Says Mr. Heney, in one 
of his papers prefented to the Royal Society, 
in which he defcribes the above-mentioned 
experiments of the two glafs plates:— 
Crown-glals, that is, the glafs commonly 
“ ufed for lalh-windows, though fo much 
“■thinner, fucceeds in this experiment as 
“ well as the plate-glafs; but what is very 
“ remarkable, the Dutch plates, when 
“ treated in the fame manner, have each a 
“ politive and negative furface, and the 
*' Electricity of both furfaces of both plates 
“ is exchanged for the contrary Electricity 
“ in the difcharge. If a clean, dry, uncoated 
“ plate of looking-glafs be placed between 
Vol. I. B b “ the 
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*1 the coated looking-glafs plates, or be- 
** tween the plates of crown-glafs, it ap» 
44 pears, after charging, to be negatively 
“.electrified on both fides; but if it be 
“ placed between the Dutch plates it ac- 
44 quires, like them, a pofitive Electricity 
44 on one furface, and a negative Electricity 
4t on the other." 

In another paper Mr. Henly further 
obferves, that if the Dutch plates be fepa- 
rated immediately after being charged, they 
will then aCt like two plates of looking- 
glafs, i. e. one of them will be pofitive, and 
the other negative, on both fides; but if a 
Jittle time be allowed before the plates be 
feparated, the experiment will conftantly 
fucceed as above*. 

* To this, as well as to the third edition, a diflerta- 
tion on the vindicating Electricity has been added in the 
Appendix > which will Ihew, by plain experiments, this 
wonderful property of glafs, &c. whilft this chapter has 
been here reprinted juft as it was publilhed in the two 
preceding editions. 

THE END OF VoL. I. 


Digitized by Google 



Digitized by Google 



Digitized 


Google 


Digitized by Google 



■ Digitized by Google 







